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FOREWORD

Contract Number DOT-CG-82504-A between the U. 8. Coast Guard and Tue
Travelers Rerearch Center, Inc. (TRC) consists of five parallel activities. The five

dual reporis stemming from these activities are entitled:

i1y Apoplicability of National Data Buoy Systems to Refined National Re-

guiremenis for Marine Meteorological and Oceanographic Data

{2y Charscteristics of National Data Buoy S tems: Their Impact on

Datsz Use snd Measurement of Natural Pheromena

(1) Cost Effectiveness Seneitivity of National Data Buoy Systems: An
Essay

{4) Computer Programs for National Data Buoy Systems Simulation and
Cost Models

(53 An Analysis of Cruise Strategies and Costs for Deployment of Nationzl
Dnta Buoy Systema

Each of these five reports i8 complete in itself, but it must be recognized that
in all inatances the other four activities both influenced and contributed to the resuits
preserted in each individual report,

The preseni USCG/TRC contract is an outgrowth of a study of the feasibilily of
Naijonal Data Buoy Systems performed by TRC and Alpine Geophysical Associates for
the USCG during 1957, Need was evident for investigation, research, and analysis
in greater depth in several areas to support the concept formulaticn and deployment
planning efforts of the vawly-formed U. 8, Coast Guard National Data Buoy System
Designated Project Office (NDBS DPO). This report and the other four ited above
satizfy some of those neseds.

All five TRC reporis have benefited from the close cooperation and guidance
affnrded by the USCG NDBE DPO. Contributions have been made by Capt. J. Hodgmar
(Project Manager), Cmdrs. V. Ripehart, J. Wesler, ™. Parier, and P, Morrill, 2nd
Lt. Cmdr. W. Meriin (Contrs,s:t Monitor),
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SUMMARY

A National Data Buoy System (NDBS) is being planned by the U.S. Coast Guard
to be a part of a future national marine data acquisition syst>m. NDBS planning wad
development must be cognizant of the facu chat the national marine data acquisition
system doubtless will include a mix of observation platforms to meet the many user
data requirements. Tne characteristics of non-buoy systems inciuded in a future
marine data acquisition system will probably be to provide a planned overlap in data
acquisition capabilities. NDBS design should maximize the non-redundant NDBS data
acquisition capability with regard to the total capability required for the national
marine data acquisition system. The cost effectiveness analysis described in this
report was carried out to assess the potential role of the NDBS in the marine data
acquisition system of the future and to determine the sensitivity of the NDBS design to
compiementary and competitive characteristics of other platform t;pes in the national
marine daia acquisition system.

For this study a cost effectiveness model was designed o evaluate alternative
mixes of buoy and non-buoy platforms against certain categories of stated data require-
ments provided by U, S, Government Agencies. The data requirements were catego-
rized by type (research or operational), by geographical regions (Deep Ocean areas,
Coastal North American regions, and Great Lakes and U. S. estuarine regiong), and by
vertical layers in the ocean and atmosphere. The analysis was performed using Deer
Ocean operational and Coastal North America operation.. data requirements as .e
basis for evaluation of alternative system mixes of platform iypes. Parameters re-
quired by the users surveyed in the 1968 refinement of data requirements (carried out
in parallel with this study '‘nder the TRC contract with the U, 8, Coust Guard) were
selected by the USCG NDBS Designated Project Officer (DPO) for incl:<ion in the ~ost-
sffectiveness evaluation,

Factors included in the effectiveness model include systeimn capability, reliability,
survivability, and areal coverage as a function of number of observation platform units
employed. Capability is determined as the fraction of the user requirements that can
be met at a gyiven location using i given platform type. Reliability i= defined as the
prcbability of performance of an intended function for a specified time under specified

environmental conditions. Survivability is defined as the probability that a platform
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type wiil continue to exist in maintainable or repairable form for a specified time
period under specified environmentul conditions, In this study ail platform types were
assumed to have a survivability of 1,0, Areal cov .rage relates the number of platform
units emploved to the ability to acquire Jata over ti : entire geograph.-al area of inter-
est with the temnoral intensity (cycling time) and spatial intensity (number of observa-
tion locations) reyuiced. Effectiveness is given by the product of these four terms.

Cost information was gathered for initial investment required and yearly opera-
ting costs including replacements and support activities for each of the piatform types
considered.

The eight platforms considered for the future national marine data acquisition

system were:

o Alrcraft of opportunity e Oceanographic vessels
e Buoys # Reconnaissance aircrafy
e Horizental sounding balioons e  Satellites

s Manned buoys s Ships of opportunity

A limited number of data collection system configurations comprising alternative
mixer of platforms were eva'-=ted using the Deep Ocean and Coastal North America
operational requirements. These regional requirements were stratified inw six
layers in the verticai to permit evaluation of the mixes in each of the layers, as well
&3 an oversll evaluation.

The evaluation showed that a system comprised sol:ly of unmanned buoys was the
most cost-effective system for meeting either set of requirements, as indicated in
Figs. 3-1 and 3-11. Huwever, the unmanned buoy system was ~elatively ineffective in
meeting the data raquirements for the atmosphere above the ocean surface interface
layer because buoys were assumed to have no upper air sounding capability. * Systemsa
of buicys mixed alternatively with satellites, horizontal sounding bailoons, shipe of
opportunity and mannad buoys were evalusted to axamine the cost offectiveness of

these pairings of systems; under these oonditions, the performance in meeting both

*Development of an automated bucy-launched upper air sounding capability may he
technologically feasible within five years. However, to take & oc: servative poeition with
respect to buoys in this study, it was assumed that uoys would have no such capability.




atmospheric and oceanographic data requirements was found to be high., ueveral
alternative assumptions that influence the effectiveness of the non-buoy systems
(e.g., changing the areal coverage term) were considered in order to determine the
boundaries of resultant cost and effectiveness system mixes. Some of the conclusicns

reached from the analysis were:

(1) A svstem comprised solely of unmanned buoys is potentially capable

of providing a high percentage of the stated marine atmospheric and oceano-
graphic data requirements of several major government agencies in both the
Deep Ocean and Coastal North America regions,

(2) The cost of providing the marine data is relatively low for a system
of unmanned buoys when compared with any system comprising other platiorm
types. Buoys are the most cost-effective platform types when all parameters
and all layers are jointly considered using the assumptions outlined in this
report,

(3) An unmanned buoy system is ineftective ir providing data for the
atmosphere above the atmosphere-ocean interface layer, unless upper air
sounding capabilities are provided, These were not considered in this report,

(#) Several other platform types can be used with uninanned buoys as
complementary systems to provide observational data for the atmosphere
with essentially no redundancy occurt.ag between the buoy system and the
pon-buoy system employed.

(5) Any non-buoy platform that provides a capability for measuring
atmospheric parameters above the ocean-atmosphere interface, when combined
with buoys, will improve the . _orall system effectiveness, but those -buoy
piatforms investigated 7ppear to be relatively expensive and will, therefore,
causc an increase in the combined system cost effectiveness ratio,

(6) The design of a buoy system as a part of a2 natienal marine data
acquisition system i3 sensitive only io a relatively miner degree to the existence

of other platform types.

vi
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The summary recommendation made as a result of this study is that planning
for a National Data Buoy System should be carried forward considering the NDBS to

be a major component of any future national marine data acquisiticn system,
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Lo INTRODUCTION

1,1 Background

A National Data Buoy System (NDBS)Y is being olanned and developed by the o 08,
Coast Guard to be a part of a total national marine data acgquisition system comprising
several types of observing plattorms. The role of the NDBS in the national marine
data acquisition svstem needs to be defined so that the NDBS is designed to most of -
fectively supplement the other observing svstems to satisfyv as many of the data re-
quirements as possible for a minimum of cost,

The feasibility study carried out by TRC in 1967 included a cost etfectiveness
evaluation of buoy and non-buoy systems to meet marine data requirements. i, 2,

3, 4, 5, 6]. Taue 1967 analysis was primarily aimed at a comparative evaluation of
alternative buoy types. The marine dota requirements considered were only those
that could bo met within the 5-vear state-of-the-art for data buoy systems. The buov
versus non-buoy evaluation was a cursory comparison based upoen the same data re-
quirements, The i967 evaluation study was carried out in the manner requested by the
.S, coast ¢ gard and was considered adequate for ertablishing the technical and ec-
onomic teasibilic, of the NDBS, 1t is not adequate for the planning and design work
leading to implementation »f the NDBS.

The Ocean kagineering arel ot the Naticn -l Council for Mai:ne Resources and
Fngineering Development was brieted at the conclusion of the 19367 feasibility study
and suggested that the Coast Guard should congider all tvpes of marine data require-
ments and determine the senswtivity of the NDBRS desiem to the existens of other typer
of obse: ving systems that might comprise a nationai marine data acquisition syvatem
of the future., It was recognized that there will he several types of platforms used and
that some of these will have capabilities that overlap those of unmanned buovs., It was
recognized that the NDBS should net be designed to provide redundant observations
where another type oi ©.stem could provide these data more economically or in a more
effective manner at equivalent cest. The suggestion by the Ocean Engineering Panel
and Coast Guard recognition of the need .or a firm cost effe  iveness {oundation for
undertaking nitial steps in §NDBS design led to the inciusion in the present TRC study
of a task aimed at the determination of the sensitivity of the NDBS to the presence of

alternative piatforms in the marine data acquisition system.
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The potential impact of this sc.. *ivity study on the NUBS deve opment planning
is obvious, because an unmanned buoy system carnot measure all ot the parameters
reqiired by the many users ot marine data.  Other types of observing systems will have
to be employcd in any fuiwcre conceiva.'e marine data acquisition system. The param-
eters that are best measured by unmanned buoys. and the number of unmanned buoys
in the total system. are greatly influenced by the mix of platform types in the total

system and their capabilitics to meet the user requirements

1 2 Deiinition of the Problem

The discussion above points cut that a total marine ddata acquisition system needs
to be defired to meet user requirements. As a component of this system, the role of
the NDBS within 3 mix of marine daia acquisition systems must be determined. In
order to determine the role of the NDBS an analysis method must be developed to
evaluate the capability and cost effecuveness of buoy systems and systems employing
alternative data acquisition platforms to provide a basis for decisions in developing

the NIXRS.

1.3 Objective of the Study

The objective ¢f this study is to:

(1) Design a cost effectiveness model to evaiuate buoy and non-buoy
SVE  ms.

(2) To conduct cost effecti eness analysis of marine data acquisition sys-
tems, including representative mixes of platform types, and to analyze the
results, 2 terms ui system effectiveness, of alternative allocations of funds to
buoy and non-buoy syscems

(3) The ultimste objective is to provide Information useful in pianning the
deveiopment and implementation of unmanned buoy marine data acquisition

systems

p—
i

Assumplions

The assumptions made in carrying out the sensitivity analysis are as {~llows:

(1) Cost effectiveness analysis is the best method for evaluating aiternative

marine data acquisition systems

[ %
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(Y The cost cffectiveness analvsis should Le hased upon a projecti 1 of the

five-year state-oi-the-art capability f all piattorms, rather than present capn

)

Tities

. {3) The user requirements as stated by the government agencies inter- e
viewed and as assessed by TRC with governm 'nt participation provile the metric
lor evajuation of alternative configurations ol marine data acquiziiion svstems

(4} The {actors included in the effectiveness model deserib i .n Section &

are of primary importance for o« valuation purposes.

1.5 Limitations of the Study
The wections that follow contain a description of the analysis method developen

and some results obtained. Tt was recognized by the U. 5. Conast Guard National Data e

Buoy Systems Designated Project Office (NDRC DPQO) that the scope f effort allocata -

i

to this andlvsis would preclude an exhaustive evaluation of ail options aveilable indec-

signing a total marine data acquisition system Therefore, an analvsis method was

developed that is tlexible and can be apptied to determine the impact of changing and

evolving rationales and assurrntions concerning user requirements. platform capabul-

ities, relative worth of data. system cosrs, and other considerations  Emphasis has

been placed upon development of a framewors for evaluation  The results presented

are not intended to b interpreted as the (otal and hinal evaluation. bui ratber as n —_
sample of the type of resulis that can be obtatrod using the methodoioy empioved. *
The restlts indicate the relative performance of a number of syster: configuraticns, : s

but only a verv limited number of opuons has been considered.  Some conclusions

have been Jrawn from this analysts. One cenclusion is that the analysis method can be
used to carry out additiona! tradeofi stuties as more information is obtained concerning
the relative worth of individual parameters observed at various geogravhical locations, RN
at various levels in the vertical and with varyving temporal and spatial intensities . o
Other conclusions are given in Section 5. 0. b §

*The basic structure of almaet any cost eifectiveness analysis incorporates some
arbitrary siuplifying assumptions. R is hoped that these aszumptions are cleariy )
delineated in this report. As this study progressed, the NDBS DPC expanded the scope .

of the work snd TRC prepared a more comprehensive cost-effectiveness structure
which v as conipleted near the end of the contract. [t is audicipated that the new cost

effectiveness s.ructure would be used in {utire studies S




20 SENSITIVITY ANALYSIR

A number of piatiorm tyvyes exist that ¢an be emploved to gather marine envi-
reamental data. 1t 1s reasonable to assume that the national marine data acquisition
system of the near future will inelude many of these plattors: types as components of
the system,  This assumption appears valid vecarse no one platform has the capability
to satisfy all of the data needs of the many users of marine environmental inforn.a-
tion, The TRC .7 National Data Buov Svstems Feasibility Study indicates nat an
unmanned buov systom 1s technically and economically feasible to serve as a part of
the marine dat~ geguisittion syvstem and to provide a portion of the environmental data
required D mow, user groups.  The design and implementation planning of National
Data Buoy Systems must consider alternat.ve configurations of a future national marine
data acquistion system to determine the rote that the NDBS should play in meeting the
user requirements. The number of platform tvpes that are logiral candidates for
inclusion in a nation.! marine data acquisition system wili have capabiiities that overlap
but will not be *dentical, This poses u questiosn as to what part of the NDBS capability
should be redundant with systenis comprising other platform types; alse, how should
this redundancy aftfoct the buoy svstem design” The aualveis conducted to angwer this
question must include an evaluation of the potential of slternative platforms and mixes
of platforms to satis{v the entire ranse of user requiremoents for marine environmen-
tal data  The ayproach used and the results obtained are discussed in ihe following

g ctions.

2.1 Analysis Approach

The approach to the anzlysis invoivaed seven key steps as described below.

(1) Determine user requirements by goographical regions and vertical
layers.

(27 Define a liat of potential platform types for irclusion (n the marine
data acyuisition system.

{3} Develop a cost-efiecti~eness muodel for evaluating siternative dats
acquisition systemas.

(4) Select alternative representative {logical) mixea of platforms to

form sysiems {0 meet the user requirements.
) o&q
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{3 Perform cost elfectiveness analvsis on the alternative systems.
(4)  Determine the buov svstem sensitivity to reallocation of funds.
(7Y Determine the impact on the cost effectivenes.. analvsis results

when certain evaluation eriteria 4 ¢ varied.

The user requirements should be organized into coherent Cots that can provide
the vardstick for performance measurements u the alternative system configurations.
The organization of the date requirements is most logically sccomplished by deter-
mining geographical regions where the requirements are reasonably homogenecus
and treating these senarately,  This studv considers requirements in the sicrthern
hemisnhere; in particular, those in the Deep Ocean (DO) and those in the Coastal
North American (CNAY region, = 400 n m: out from the coast,

Division of the atmosphere and ocean into lavers is desirvable partlv b ocause
of the variation of requirements in the verts:eal and in part because of the capabiiities
of the potential platforms to provide velter observations in certain vertical lavers
than in others, The 1887 user requirems. s have been retfined as part ot the present

USCG TRC contract, and the purpos  f the analvsis has been extended bevond the

limited svope of the 1987 feasibility soudyv, These factors have led to a reorganiza-
tion of the data requrements tor this study,

APt of potential platt rm tvpes should be defined so that alternative marine
data acquisition systems can be condigured and evaluated.  The lst should include

platform types presently emploved in marine environmental data acquisition as well

as o oose platforms expected to be available within the next five years. Selections of

alternaidve mixes of platiorms mu: » made to comprise alternative repregentative
configurations of a2 marine data acquisition system. The total possible combinations

of numbers and types of platforms 1s prohibitively large. With this in mind the

&
Y

LA e

weloction Ras been restricted to a few mixes that are considered to be togical repre-
sentat{ons of {uture systems,

The need to develop  -aat effectiveness model for evaluation of alternstive
data acquisition systema is apparent A systematic evaluation using such a mode!
should provide answers to such questions as how many of the stated requirements
can be met by each of the several alternative svstems at « given cost level or. con-

versely. how the effective~ess (or performance) changes as custs increase or decrease
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Ly varving the systom eompositionr The onst ettectiveness model used 1 the 1967
feas ility study is inadequate for this evaluation.

In thie study the 1967 cosi-effectiveness model was exte. led to provide a hasis
for comparing the NDRS with vwmer otential marine data coifection platforms -- niat-
forms that are complementary to or in competiticn with the NDHBS  In addition to com-
parison on a platform-by-platform basis, the ¢ st effectiveness of hypothetical mixes

of platforms has alse beer compuwd.  In certain instances the capabilities and/or

number of platforms of o - “pe in the mix have been varied to de*< 'mine the sensitivity

of the NDBS to such changes  In other cascs, available fimlementation and operating
funds hasve been considered oonstant and cost effectiveness computed for different
numpers of buevs and other platiorm types that could comprise the platform mix within
the fixed cost onstraint,

The cost effectiveness resulls, In tiemseives, (o not tell the complete —tory.
One must ook at the basic capabilities of the platforms within each geographical region
and each iaver 1 the vertical to see where redundancy occurs.  The redundancy among
platform types is & factor that must be resolved in the fins aystem design.  Of course.
a certain degree of redundancy may be desirable, pavticulariy in the earliei stages of

development of the nattonat » =+~ data acquisition sysrom

-

2 ¢ User Requiocement Clessification

The Hirst step in the anansis swdy was to ve-examine the requirernents « the
many users of marine ervironmental data and o establish coherent sats of require-
ments to use to measure the performance of fulure potentia! marine data aequisition
syetem condfigurations.  The final classification of th.  user requirvements resulted
through two parsailel TRC study efforts and interaction with sersennel of the NDRS
DPG. Personnel inve'ved in the TRC effort to rofine an’ wodate the user “equirements

provided compiete analyvses of user requirements for cpora data with suffictent

fead time for application in this rensitivity analysis. Sufficient refined reseassch re-
quirsments were not retumned to TRC for assessment in e for inclugion in the
sensitivity study. | 7|
The user requirements for narine data for operatienal apoliications on a con-
truing basis feil into three basic categories  The first was for synoptic observalions

over the world's oceans with a8 comparativelv favke hori-ontal spacing between




observation points, on the order of 500 n mi between points. These were classiiied as
ine Deep Ocean (DO operational requirements, since they represented a coherent

class of reguireinents generaliy useful to governmen: agencies such as ESSA, U. S,

Nevy, uSAY, USCG, and BCY.

The second category of roquirements was for cynoptic sbservations along the
coast of North An.crica extending frum about 10 1 m ‘2 400 n mi outward irom the
coasts and having an average horizontal! spacing between ob:servation points of about
100 n mi. These were clazsified as the Coastal North America (CNA) operational
requirements and ave a coherent set of requirements generally usefui to the above

government agencies plus FWPCA.

The third category of requirements was for synoptic observations in the fireat

Lares and U. 8. estuaries on a relatively fine horizontal spacing scule. The refine-

ment of these requirements is still not completed and this reguir2ment category was

not used in the evaluation of alternative system configuratons.
A seven layer vert! il stratification of the user requirements was sdopted at the
recommendation of the NDBS DPO for evaluation »f the alternative system configura~

tions. The seven layers are listed in Table 2-1.

TABLE 2-1
VERTICAL LAYERS
Layer Bottom Top

1. Upper air > 50, 000 {1, 106, 00u ft.

2. Upper 3air > 45 ft. 30,000 it.

3. Suriuce atmosphere sea level 45 ft.
* 4. Surface ocean 10 meters sea level

5. Subsurface ocean 500 meters > 10 meters

6. Subsurface oceiu: 5000 meters > 500 meters

7. Ocean bcttom At or nedr ocean bottom regardless of depth.

There are Deep Ocean and Coastal North America user requirements th. apply
generally over the entire area of requirements and are required by several agencies.

These requirements are -ted in Tables 2-Z and 2-3 by individuis layer.
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TABLE 2-2

DEEP QCEAN QPERATIONAL PARAMETER RLQUIKLMENTS

Laver 1 {30,000 ft < L 5 108,000 it)

Aic Temperature
Atmcspheric Pressure
Wind Dirsction

Wind Speed

Dew Point

Cosmic Radiation
Ozone

Cloud Tops

Cloud Hases

Cloud Arn.ount

Lay:r 2 (45 ££ <L <30, 000 ft)

Atmospheric Eleciricity
Alr Temperature
Atmospheric Pressure
Wind Speed

Wind Direction

Dew Point

Ice Crystal Size

Cloud Tops

Cloud Rases

Cloud Amount

Layer 3 (0 it <L s45 ft)

Insolation

Precipitation Rate
Visibility

Alr Temperature
Atmospheric Pressure
Dew Point

Atmospheric Eledtricity
Wind Sposd

Wind Direction

Ice Crystal Size

0w

laver 4 (Om=L=10m)

Water Temperaturs
Wave Direction
Wave Height

Wazve Period
Salinity

Current Speed
Current Direction
Water Pressure
Ambient Light
Transparency
Ambient Noise
Sound Speed

Tidal Fluctuation
Chemical Factors
Biclogical Factors

Layer 5 (10m<Ls500m)

Water temperature
Salinity

Current Speed
Current Direction
Water Pressure
Ambient Light
Transparency
Ambient Noise
Sound Speed
Chemical Factors
Biclogical Factors

Layer 6 (500m<Ls5000m)

Water Temperature
Salinity

Currsnt Speed
Current Direction
Water Pressure
Transparency
Ambient Noise
Sound Speed
Chemical Factors
Bjological Factors




TABLE 2-3

COASTAT NORTH AMERICA OPERATIONAL PARAMETER REQUIREMENTS

Layer 1 (20,000 ft "L v 1006,000 it)

Air Temperature
Atmospheric Pressure
Wind Direction

Wind Speed

Dew Point

Cloud Amount

Layer 2 (45 it <L <30, 000 ft)

Air Temperature
Atmospheric Pressure
Wind Direction

Wind Speed

Dew Point

Cloud Amount

Layer 3 {0 fi SL <45 ft)

Insolation

Precipitation Rate
Visibility

Air Temperature
Atmospheric Presgsure
Dew Peint

Atmospheric Electricity
Wind Speed

Wind Direction

Layer 4 (OmSLS10m)

Water Temperature
Wave Direc.ion
Wave Height

wave Period
Salinity

Current Speed
Current Direction
Water Pressure
Ambicnt Light
Sound Speed

Tidal Fluctuation
Chemical Factors
B. »logical Factors

Lryer 5 (101 2%50%m)

Water Temperature
Salinity

Current Speed
Current Direction
Water Pressure
Ambient Light
Transparency
Ambient Noise
Sound Speed
Chemical Factors
Biological Factors

Layer 6 (500m<L=%5000m)

Water Termperature
Salinity

Current Speed
Current Direction
Water Pressure
Transparency
Ambient Ncise
Sound Speed
Chemical Factors
Biological Factors

10




There are no Layer 7 requirements stated by any agency for De.p Ocean or Coastal
~orth America areas for operational use, so this layer is not included in the tables.
The narameters required in the ocean layers (4,5 6) in the Deep Ocean and
Coastal North America areas arz szen to be identical, while the atmospheric layers
{4 2, 3) show a glight reduction in number of parameters included in the requirements
for C :astal North American arcas,
There are requirements stated by the users specifying how the parameters
should be measured to be of value to the user 1.i operational application of the
data., These mczsurement requirements have “-een called "parameter characteris-
tica". The eleven parameter characteristics contained in the requirements matrix
used to evaluate the capability of alternate platform types are listed below with brief
explanations of their meaning.

(1) Vertical layer — the vertical extent of the layer through which
measurements are required.

(2) Range — the minimum and maximum values of the parameter that
must be meeasured.

{3} Accuracy — the required accuracy of the measurement of the
parameter.

{4) Duration - the averaging period over which the measurement must
be made.

(5) Vertical sampling intensity — the number of levels in the vertical
wher: measurements of the pasrameter are required.

(6) Temporal sampling intensity — the required cycling frequency of
the parameter observation in Hme.

(7) Absclute {x,y) iocation accuracy - the accuracy required iz the
horizontal positioning of the parameter observ: "’

(8) Vertical (z} location accuracy — the accuracy required in the vertical
positioning of the parameter observation.

(9} Synchronization in (z) — the maximum time difference permissible

between the observations at all levels in the vertical layer.

[
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(10) Synchronization in (x. V) - the maximum time difference permissible
between observations at different locations in the hovizontal grid network.

(11y Transmission lag - the maximum time aliowabl: between the
observation time and the time of receipt of the data ai the '=uvrs' data processing
center,

Table 2-4 shows the requirements matrix of pa.ameters and parameter char-
acteristics for the Deep Ocean Operational (DOO) and Coastal North America pera-
tional {CN.' D) requirements. The only differences in the matrices are the Deep Ocean
and Coastal Norih America parameters required (shown by the checks in the column

to the extreme right to designate those parameters required over the Deep Ocean arzas
only) and the temporal sampling intensity rharacieristic values (shown in Column 6
wh~re the more frequent cycling is required for he Coazstal North America areas),
The user requirements shown in Table 2-4 were :sed as the basis {or measuring the

performance of buoy aad non-buoy svsterns in the cost effectiveness analysis,

2.3 Platform T:—es Considered in the Cost-Efiectiveness Analysis

The types of platforms considered to have potential as a part of a totzl marine

data acquisition system are listed below:

1) Aireraft of opportunity - these are the commercial aircraft flown
for purpeses other than nwaronmental data acquisition,

(2) Buoys - unmanned, moored.

(3) Horizontai sounding bailoens - free floating. instrumenied balloons
interrogated by sateilites, such as the GHOST system,

$) Manned buoyvs - moored, manned platforms such as the rLIP or
Seastation type.

{3) Oceanographic vessels,

(6) Reconnaissance aircraft - instrumented aireraft specifically flown
for environmental data acquisition.

(7)  Satellites
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(%v . hipsg of opportunity - co:.mercial or military ships capable of
carrying 1. *rument shelters and enviroumental uata observer persounel.
(9) Submersibles

{10y Tixed Towers

In considering platiorms for general purpose application over the world's
oceans, platform tvpes (9) anu (10) were ccnsidered 1o be sc limited in application

as to be treated as special cases and not included in the cocst effectiveness evaluation,

2.4 The Cost Effectiveness Model

The cost effectiveness model was developed as a flexible iramework for
analysis in consideration of th lack of high confidence data tor many of the cost and
performance factors. The moael is intended to be a planning tool wherein many op-
tions can be specified as to input and results compared, For the purposes of this
essay orly a limited number of the input outions were exercised to show representa-
tive results,

The performance factor used in the model . : based upen au estimate of the
five-vear state-of-the-art of design for each of the piatform tvpes included in alierna-
“ve sysiom nuxes, The svstem reliabilities used in the modei are based ypon expert
judgement projecting the small amount of existing knowledge concermng the reliability

¢

of systeins .ad components that may be potentiaily applicable tor a future national

mariae data acquisition svstem,

2.1 Eltectiveness

The generaiized {orm of the effectiveness movie! (s
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where
E - system effec.iveness
bn = weighting factor for Layer n
i. = number of lavers in the vertical
A = fraction of the geographical area of interest over which the system
acquires data
En = gystem effectivenes< for Layer n

Layer n system effectiveness (En) is given by

p C
. Qi
E_ = ~ R_ S (2-2)
m =1 n max

where
Cvm = capability score of platform type m for Layer n that is independent
om .
of the other platform types in the mix
. = maximum layer capnhility score attainable
n max
H“ platform average reliability
s - platform aver.ge survivability
I
I aumber o1 platform types in the gystem mix.

2 411 Capability

The stariing noint in the computation of system effectiveness s the determination
of the capability score for a given platform type. The composite user requirements
matrix shown n Table 2-4 was used as the basis for determining the capability score.
An estimate was made f the five-vear siate-of-the-art capability of each platform
type to measure cach parameter ang parameter characterigtic as specified in the
matrix A capabilily scoring matrix was established that corresponds to Table Z-4 and
weights each parameter characteristic as unity in all applicable characteristics b
vertical sampling. Tnis mairix ts shewn in Table 2-5.  In the vertical sampuing

intensity column a scove of one 18 given fur each level in the vertical layer where




TABLE 2-5
DEEP OCEAN AND COASTAL NORTH AMERICA CAPALILITY SCORING MATRIX
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an cLrervation ig required. The number of levels in the vertical wil! be explained
parameter-by-parameter later in this «section

The capability score for any platform is obtained by applving the scores given
in Table 2-5 to every parameter characteristic that the platform is capabie of mea-
suring. The total capability score iv ;iven as the fraction of the capability scoring
matrix total that a platform can attain.

The capability scoring matrix totale are shown in Table 2-6.

TABLE 2-6
CAPABILITY SCORING MATRIX TOTALS

i 1
Laver Deep Ocean Coastal North America i
i
1 171 105
2 191 134
3 90 R1
4 162 162
3 198 15x
{ 171 171
Totat @83 51

For the purposes of this study. with tice exceptinn of vertical sampling intensity,

the parameters and parameter characteristics were equally weighted and scored on
fther one or zern, depending on whether the required parameter characteristic was

compietely met vr not. It {5 a simple matter to compute 8 more sophisticated capa-
bility score using Rny given reiative weghtunyg of parameters and parameter -harscter-
isties. The eolumns and rows of the matrix can be multiplied by the selacted
weightings and the fraciional score for any plaidor= type determined. »

Column 5 in the capabiiity scoring matrix in Table 2-5 ~ontains the number of

cevels in the vertical &t which ohservations are required  The hasis for these require-

ments 18 1sted below:

*It s recognized that more sephisticated scoring algorithms can be postylated
Provision for this has veen incorporated in a more comprehensive cos) effectiveness
structure developed by TRE during the course of this study  Is it anticipated that this

new cost effectveness aporoach would be used in funire studies

17




d dew point - re., red at

iperature, atmospheric pressure

v standard jevels plus 5 ostgnificant Jevo's and et the surface, This resalts in 9

levels in Laver 1, 1o ievels in Laver 2 and 1 in Laver 3.

e  Wind direction and winda speed - required every 1, 000 feet {0 10, 600

feet, every 2, 000 feet from 12, 600 tu 20, 000 feet, at 23, G00 teet, every 5, “00
feet from 25, 000 1o 46, H0¢ feei and every 10, 000 feet from 50, 000 to 100, 600
An additioral 5 significant levels ir reqquired bringing the tetal to 32 levels

f eat

for winds. These diviae int 9 Tevels in faver 1, 22 levels in Laver 2 and 1

level in Laver .

® (‘o=nug radiation and ozone - required every 5, 000 feet from 40, 000

Lo 100, D00 feet for a total of 13 levels in Layer 1

» Cioud bases and *ops - required for up to 5 lavers that are divided

inte 1in Layer 1 and 4 in laver 2.

¢  Cloud amount - required as cae observation tirough the atmosphere,

Lavers | and 2.

s Atmospherie electricity and ice crystal site - required at =, 000 1oos

ar 2 and 1 oat

-

interval= from surface to 3¢, voo foet for a to.ad of & levels in Lay

the surtace {(Larer 3),

tv - required at the syrface

e [nsoiation. precipitatie

ite and vis

oniy (Laver 3

, cutrent speed, current divection, water

erature, saliniiy
S e JURRE 3

HEIENY factors, nologieal {actors - required at
20 TAPSO Jovels® from the surtace te 5, 00 meters, This resuits i 2 tovels in

P Y PO N T 1 IS S B S ST ~
Paver 4, (o deveis in Laver 5 oand < levels in lacern n,

L A

(haver 43

at the surface oniyv

) Ambiers Dht - rovutred at ootes el Py baver 4 and Doan 1o
* PFransparency - required at 5 feveis: i D Luvers s g o
T he TADSO devels used are o, by S RTEANE T EUAE S TY TN LT L S ETE RS T
T T L N P LT L SR S L E REERAINN =

¢ direction, wave height, war -~ period, thind fluctuaiions - required

T e e i




matrices developed for each platform type

Appendix A coptains inhe .apamii’y
hethod i measurement

and an explanation on a parameter-byv-parameter 2asis of the

estimated for each platform type.

2.4 1.2 Reliability
The reliability values used in Equation {2~2) are estimutles of the average for e¢oach
Lwnability is defined here as in the

Matfoin fype for a one-year operating period,
I V1 ! g§P

feasibility study as che probability ~ performance of an intended function for a specified
The reliability estimates used

time period under specified envii mmenta' conditions,

2-7 tor

stations carrvied out inthe cvaluation anilvsis are shown in Vable

in the cowr

each piatform type,

TABLE 2-7

PLATFORM RELIABILITIES

Platform

Reliability

Aixreraft of opportunity , 0.9
' oS0 OO

Duoy {with 12 month sevvice

intervai)

Horizontal sounaing halloon sy

LY PR i [T .
Manued tuoy

Oceanographic ve sel

sirerafy

Reeonnaissance

Shiv of o)

i T intgn 1YL e N PR 2
coontained in Table 0-7 are dhe composite

Tae one-vear average relighiiihy vaiues

of valyls abtained from Alpine Geephysical Assoc ates, e TRC consuitanis, and

several governmeng ssoneyv and indusiry reprosentatives interviewed & sing the 7
TRC feasibitity study.  These values have been reviewed by the NDRE DPO saff and .,
) ARY .
the purpoeses of this study. The effectiveness maodel can be emmphoved o : ‘

" approved for th
has not heen done in e

determane the impact of variations in reliability but this

current stud,
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2.4.1.3 Svrvivability

Survivability is defined as the probability that a platform type will continue to

exist in main’ -+ *akle or repairable form for a specified time period under specified
environmental conditions, In the 1967 TRC feasibility study the survivabitity of a
number of unmanned buoy systems was analyzed. The haoy specifications were matched

with climatelogical data on the parameters to which © ¢ buoys were sensitive. Resuits

of this study inc:cated that the large uamanned buoy (such as a 40-foot discus) had a

A

one year probability of survival in excoss of & 89, The survivability of platforms such
as aircraft of opportunity, manned buoys, oceanographic vessels, reconnaissance
aircrafi and ships of gpportunity would be <pected to be ! 0 because of the conserva-
tive design and continuous maintenance on these platforms, Projecting the present g

capabilities of satellite _,stems and allowing for replacement on the basis of expected

iifetime permits the use of a proiected survivability of 1,0 for 2 satellite system.
Finally, the horizontal sounding bal'~oh system projected here is predicated upon the
continual insertion of repla. .aent balloong into the atmosphere as individual ballli g
iail, With these considerations in mind the value of survivahility was assumed to be 1.0
for all platform types tor the purposes o this study. The effectiveness model can be

smployed to determine the impact of survivability values of less than 1.0, if so desired.

2.4.1.4 Areal Coverage

The fina term in Eq. (2-1) ig the area! coverage term. In order to determine

the effectiveness of a given platform type to meet user requirements one must not only

be: concerned with the basic obs ~rvational capability of the platform, but must also
consider the ability to acquire data over the entire geographical area of interest with
the temporal intensity (cycling time) required.

To relate effectiveness to costs, the mumerical value for A in Eq. (2-1) is
related t.. the number of units of each platform type needed to satisi, systeia data collec-
tion requirements. The determination of A as a function of platiorm type can be one
of the most difficult aspects of evaluating alternative configuratic s of a datu gcquisiton
systern for rertain platforns types. The determination of A is simple tor those platform
types that can be fixed at a location. In that case, coverage is the iumber of platform

units divided by the total number of locaticns for which observations are required.

*Assumes buoys are mcored in regions between 60° north latitude and 60° south

latitude. i
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Therefoze, A is easily determined for unmanned buoys, manned buovs, and oceano-
graphic veesals. The moving platforms, malking up the remainder of the list, each
require a separate rationaie concerning the mode of operaticn. Satellites and re-
connaissance aireraft and horizontal sounding balioon systems are specifically
emploved for environmental data acquisition and can be designed to maximize coverage
for a given aumber of units. Aircraft of opportunity and ships »f opportunity are
cperated for purposes other than data acquisition and the rationales for relating areal
coversge to number of units is most difficult for these plaiforms, The value of A used
in this study for each of the platform tvpes is shown in Table 2-8 for the Deep Ocesan
cperaticnal requirements (Northern Lomisphere) and the Coastal North America re-
quirements. An average grid spacing of appioximately 500 n mi was used for the
Deep Ocean requirements and approximately 100 n mi for the Coastal North America
requirements. For the Northern Hemisphere, this resuits in 150 observation sites
for the DO and 359 for the CNA requirements, providing the typical coverage shown

in Fig. £2-1. The values listed were obtained using the following rationales:

(1) Alircraft of opportunity - Deep Ocean greal coverage

® Assume 80% of all transoceanic commercigl aireraft are airborne
on any given day

® Assume 6 hours flight time across the Atlantic Ocean and 12 hours
across the Pacific Ccean

e Ascume that during each flight an & rerafi will be at or near one
Atlantic Ocean observy’ lon point or two Pacific Ocean observation points
at an observation time

® Assume 75% of the observations from these aircraft are redundant
in time and space due to flight schedules and concentration on air routes.
The assumptions for the CNA area coverage avre:

® Assume that esch flight will be &t or near cne of the 350 observa-
tion sites during an observation time,

® Assume 20% cf the ohservations from these aircraft are redundant.
The lower redundancy for CNA, relative to DO, is based upon the higher

density of observation sites resulting in more independent observations from

aircraft being applicable.
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TABLE 2-8
AREAL COVERAGE RELATED TO PLATFORM UNITS

r Percentage area covered per platform unit
Platform Type Deep Ocean Coastal North America
Aircraft of opportunity 0.05% 0.04%
Buoys 0.67% 0.29%
Horizontal! sounding balloons 100%1 4. 0%
: Manned buoys 0.67% 0.29%
Oceanographic vessels 0. 67‘%2 0.29%
k Reconnaissance aireraft 0.20% 0.10%
satellites 100%° 100%
Ships ! opportunity { 0.22% 0.03Y%

IA unit 18 definsd as 2500 balloons sirborne in the Northern Hemisphere at
. 6 levels at any given time.

l}
“A unit is defined as 5,2 of an oceanographic vessel, since 3 vessels are required
to maintain two at obgservation sites at all times.

3A unit is defined as 4 Nimbus-type opersiional sate ..es airborne at any given
time. These 4 satellites provide 100% coverage in both Deep Ocean and Coastal
North America simultaneously.

(2) Buoys - each buoy occupies one of the 150 ~ . p ocean observation

sites for a DO areal coverage of 0.67% or one of .he 350 CNA sites lor a areg' .
coverag. of 0. 29%.
(3) Hor'zontal sounding balloo:?;_a -~ 2500 salloons evenly spaced over the

Northern Hemisphere at six levels in the vertical will gi = 6. 25/6 balloons per

L N

500 n mi square block nr 100% coverage for the Deep Oceun sites at the six

levels only. This same balloon density, considering the 100 n mi square blocks

of the CNA, will provide only a 4% coverage of the CNA sites. :
{4) Manned buoys - same ag buoys above.

(9) Oceanographic vessels - same as buoys and manned buoys except that

TP R

three vessels are required to maintzin two on site. A unit is defined as 3/2 of

an oceanographic vissel.
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(6) Reconnaissance aircral. - based upon the present weather reconnais-

sance tracks and operations, a fleet of 10 aircraft will provide 2% areal coverage

of the Deep Ocean siies or 0.2 per unit aircraft. Similarly, for the CNA the

wnit aireraft coverage is 0, 1'%,
(7} Satellites - assuming a polar orbiting Nimbus-type operational
satellite is required for the capabilify score assigned, it would require four
satellites in orbit to proviue 100% areal coverage of both the Lecp Ocean =nd
Coastal North America observation sites.

(8) Ships of opportuwity - Deep Ocean areal coverage

e Assume an instrumented and manned fleet of 100 ships operating
in the Northern Hemisphere

o Assume 2/3 of the ships at sea at any given time

e Assume 56% of the reports from these ships are redundsant in
space (two ships in the same 500 n mi square block at the <ame obser-

vation time due io the concentration within shipping lanes).

100
150

9
X T;- X % = .22 or 22% per 100 ships

- 0.22% per ship

A =

For Coastal North America;

e Assume the same .00 instrumented ships
o Assume the ships are at 2ea two days out of three
e Assume a ship can produce 7 useful CNA observations in either
the Adantic or Pacific ccean on a crossing (7 observations at three hour

intervals within 400 n mi of the coast)

e Assume a redundancy of 25% of the observations because of the

concentration in shipping lanes

e Assume the ships are distributed such that of the 66 ships at sea,

44 are in the Pacific and 22 in the Atlantic

R

e Assume 6 days to cross the Atlantic and 9 days to cross the
Pacific

b BRI




A ship will provide 7 observations in 6 days in the Atlantic or 1.2 observations
per dav whiie 2 ship will provide / observations in 9 days in the Pacific or 0 8 ohserva-

tions per day. Thus for a given day the areal coversge is:

1.2 x 22 + 0,84 x ¢4

A = .
8 x 150

x0.75 = 2% per 100 chips
or 0. 02'% per ship

if cne considers the average ship path to be at 450 to the coast the areal

coverage increases to 0. 03% per ship.

The areal term A in Equation (2-1) has been assigned vaiues in this study based
upon the above assumptious. The model allows for veriation in A according to any

alternative set of assumptions.

2.4.2 Costs

Initial investment and yearly operating costis were projected for each platform
type. The operating costs include ground support facilities for each piatform type
with varying percentages of the ground support shared with other operational systems
where apr  ~able. The cost data used in this study were obtained from the U 8. Coast

Guard, the TRC feasibliity study and s veral references. [ 3, 4, 5, 6} Costs were

developed on the unit basis for each platform type to facilitate the evaluation of : ' !
alternative configurations of g total marine data acquisition system. These unit costs e
were projected on the basis of a ten-year operation, Replacemeni costs of equipment

are tncorporated into the operational costs. The affecis of didcounting ¢r {nflationary

dollar value change wrre not included in this stage of the study and are not considered

to be factors that would significantly change the resulis. The unit costs for each of :

the platform types are shown in Table 2-9. The details of the platiorm costs are con- '

tained in Appendix B.

2.4.3 Limitations of the Cost Effectiveness Analysis

The ro8t effectiveness model has been employed in this study to evaluate
alternative configurations of a marine data acquisition system against particular

aser requirements. There are faciors that are not *<ken into account in carrying

i

[n]
[44]
S B0 ) . . o : A B




TADBLE 2-n
UNIUT COTS OF PTATFORMS

e — — - e -
Platform Type i Unit Cost (% millions per 10 years}

4 -

Aircraft of opportunity 5 £ 0,008 ;
Buoyvs 1.3

Horizontal seund ng bHalioon 140.0 !

i

Manned buov 10,0 i

i

] . o2 !

Oceanographie vessel 315 ;

. , . ! : !

Reconnaissaonce aireratt | 420 !

. l o |

Satellite g 1660 |

i |

) M i e 3 . ‘ € ‘l

Ship of Upportunity i 2.0 i

Notes:
A unit is defined as 25300 balloons airborne at 6 levels over the northern
hemisphere at any given time.

4

“Three vessels are required to maintain two observation sites so that the uni.
cost is 372 the cost of a vessel

Two reconnaissance aireraft are assumed required to maintai. ‘he daily
operation on one track.

4 0 . . . , I ,
A unit is defined as four satellites coatinuously in orbit. These ¢ satellites
provide 100G coverage in both Deep Ocean and Coastal North America simual-
taneously.

out this evaluation e~d these should be kept 1n inind when attempting o interpret the

results. Some of these limitations of the anaiysis are listed below.

(1) Some of the platforms are capable of measuring paramaters not
inciuded ir the user requirements matrix for Deep Ocean and Coastal North
America operational data and this capability is not rellected in the resuiis

{2) Some of the platforms are capable of providing data over land areas
as well a8 ocedn areas at no increase in costs. These are the satellite and
horizontal sounding balloon sysiems.

(3) Satellites are alzo capable of providing southern hemispheye data in

addition to noarthern hemispheres at essentially the sanae total cost.

s
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(4) Several of the platforms are flexible in horizontal spacing and the
temporal reporting of observations with little or no increase in cost involved;
this added capability is not reflected in the results.

(5) The analysis has been conducted for requirements pertaining to gross
areas of the Deep Ocean and Coastal North America regions. The results do
not indicate cost effectiveness with respect to specific small geographical areas

of the oceans.

The results presented in Section 3. 0 are based upon the stated user r:: :ire-
ments, equal parameter and parameter characteristic weighting, projected reliability,
expected lifetime and survivability values and areal coverage based upon sets of
assumptions on the operating mode of the platform type:s. These inputs to the cost
effectiveness model can all be varied to determine thc impact upon the cost effective-
ness results. Only a few of these options have been exercised to determinre sensitivity
of selected cost effectiveness results, but the number of options that can be exercised
is very large.

A detailed discussion of the method of computing effectiveness for a system
comprising a mix of platform types is given in Appendix C, The method of accounting
for redundancy among platforms and the consideration of joint reliabilities is also

treated in Appendix C.
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3.0 COST EFFECTIVENESS ANALYSIS RESULTS

3.1 Introduction

The cost effectiveness analysis was conducted with the eight basic observing

platforms described in Section 2.3 for the Deep Ocean area and the Coastal North
America area. Initially, the analysis comprised the computation of cost, effective-
ness, and cost effectiveness ratio for each of several logical platform mixes according
to the cost effectiveness model described in Section 2.4 and the basic rules defining
the two data requirement areas. These computations provide a basis for assessing
the relative merits of the various platforms under a fixed set of conditions. Next,
some games were played with a few selected mixes of platforms i{n which some of the
basic rules and conditions were varied through a large range of values. These games
afford an understanding of the sensitivity of the results to some of the many factors
inherent in the analysis model. They also provide a means of defining a bounded
region in which the actual answer most probably will be found, depending, of course,
upon the validity of the assumptions and other factors which were not varied.

3.2 Deep Ocean Area
The Deep Ocean area in the northern hemisphere includes the North Atlantic and

North Pacific Oceans. The composite requirements for this area are for data every
six hours on a grid mesh of approximately 500 n mi, from the ocean bettom up through
most of the atmosphere. The specified grid requires data at 150 points for full hori-
zontal coverage (see Fig. 2-1).

The individual platform capability scores for the Deep “cean area (see Section
2.4.1.1 Capability) are given by parameter for eachof the six layersin Table 3-1A and
by layer in Table 3-1B. The lt'a.yer effectiveness Eu of a platform is computed by sum-
ming the layer parameter capability scores, dividing by the total possible layer score, and
multiplying by the platform reliability [see Eq. (2-2) inSection 2. 4.1, considering only one
platform type} The weighted platform effectiveness averaged over the layers is given by

bnEn
E =%

b
n

6
>

=1

6
2
n=1
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TABLE 3-1A
PLATFORM CAPABILITY SCORES BY PARAMETER FOR THE
DEEP OCEAN AREA

2
- - g s g g
g § 3 LBy E f
Layer Parameters X 5 g g i a . g i i 5 !
- g a = k] g l
I3 5§ |58 |58 |28 a8 || iz
Air Temperature 0 19 19 [X] i3 ] 19 18 19
Air Pressure 1] 19 [¥) u 13 [} 19 13 Y]
Wind [nrection 0 19 19 0 13 9 19 v 19
Wind Speed 0 19 19 0 13 ] 18 L] 19
| Dew ot 0 18 19 1y 13 ) 19 1§ 19
1 Cosmic_tadiation 0 9 Q [ U 0 [ 10 23
§ Utone ) 23 F3) 23 &) 9 23 10 3
Clouy Tops [0 10 10 10 [ 10 10 10 10
Cloud Bases [0 10 1 ) ) 19 10 10 10
: Cloud Amount 10 10 10 10 ] 10 10 10 L
: Platform Layer Scores 0 148 148 8l kL) % 48 1 171
! Atmos. Electriciy 0 0 o 0 ¢ 0 0 9 1
Alr Teroperature 1] 20 vV 20 11 [ 20 18 2
Air Pressure 0 20 ] [) 11 [) PTY 16 3
| Wiad Direction T ) 0 1) 0 3 9 3]
Wind Speed 0 32 32 0 11 0 3 0 33
2 Dew Point 0 20 20 20 11 0 20 18 20
ke Crycual Slze 0 Q 0 0 0 [ 0 0 16
Cloud Tops [ 13 13 [ 0 13 13 13 13
Cloud Base 0 13 P¥] [ ] 3 13 v ] 13
Cloud Amount 10 10 10 10 [] 10 10 10 2 L
Platform Layer Scores 10 160 160 63 35 ae 180 84 m
Insolation ] 9 B 0 [ 0 ] [ J
Precipitation Rate 9 $ 9 0 0 0 L 0
Visibuity 0 [) 9 [ [ [] [] [)
Alr Tempersture (] [] 9 [] 0 [) ]
Alr Pressure 9 9 9 [ 0 [ 9
| 3 Dew Point 9 9 9 9 [ 1] 9
| Atmos. Electricity 9 L4 9 0 0 0 $ 0 ]
: Wind Speed [) [] [} [ 0 [] [ ) []
i Wind Direction 9 [] [} [ [ [ [] 0 0
: ice Crystal Se 0 0 0 0 0 [ 0 0 14
Platform Layer Scores k) 81 [T} 18 [] [ 81 [ 90
Water Tempersturs 12 1 11 3 0 0 11 10 12
Wave Direction 9 [] 9 9 [ 9 N 9 2
Wave Height ® 8 e [ [ 0 ] ) [
Wave Period 1] [] 9 0 (] ] 8 ('] [
Salinity 12 11 11 0 0 9 11 4 2
Current Speed Y] 1) 10 0 [] 0 0 [ B
Current Direction 12 n 10 1] 0 Q [1] [] 13
. Water Pressure 12 11 11 (] 0 0 I} 0 2
Ambieot Light [ » 9 0 o v 9 [)
Transpareacy L] [ L4 [ [ [ 8 [}
Ambigot_Noise 12 11 1] [ 0 Q 0 V]
Sound Speed 12 11 11 Q o 0 1 0 12
Tidal Fluctustion [] [] [ [ 9 [] [] []
Chemical Factors A 11 11 0 (] [ 1 ] '}
Blologioal Factors [ 11 11 0 0 O 11 () 12
Platfora Layer 8cores 129 ¢ 142 8 [ [ 107 10 163
Water Tetpersture 0 19 19 0 e [ 13 18 20
Saliaiy 0 19 19 0 0 0 13 0 10
Curreni Speed 30 19 18 [ [] 0 [] 0 ]
Current Direction [] 1% is 0 K] () 0 (] 3
Waler Pressure 20 19 18 ] [ ] 5] [] i
Ambieat Lignt [} » [) 0 0 0 s [
5 Transpareacy [] [ [] [ [] 0 T 0
Axnbmg Noiag 20 19 19 [] 0 9 9 30
Hound Speed 20 19 19 0 ] o 13 Q 20
hamcal Factors [} is 1] '] 9 g pH ] 0 F1']
Biological Factors 0 19 19 0 0 ] 1 0 20
Platform Layer Scores 158 9 w7 [} 0 [] [1] 15 198
Water Temperature 18 17 17 [ ¢ 0 0 0 18
Salmny 18 17 17 [ 0 () [ (] 18
‘Current Speed 18 17 18 0 [ 0 [ 0 1]
Currset Direction 18 17 1 0 [ [ [ A8
] Wwater Pressurs i8 17 1 0 [ 0 (] 13
Transparsacy 9 » 0 [ 0 Q 9
Ambisat Nolse s 17 17 [ 1] 0 [] 0 18
Bousd Speed 18 17 11 0 0 [ 0 ° 18
Chemical Faclors [ 17 17 0 0 0 [ [ 18
Bwiogicsl Factors 0 17 17 0 0 0 [ [ 1]
Viatiorm layer Scores 138 162 1860 [] [] ] [ 0 in
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PLATFORM CAPABILITY SCORES BY LAYER FOR DEEP OCEAN

TABLE 3-1B

OPERATIONAL REQUIREMENTS

Platform Layer Capability

_ ! 2 3 4 5 6
Acft of Oppor 0.44 0.19 0 0 0 0
Buoy 0. 06 0.05 0. 80 0. 80 0.90 0.79
Hor Sound Bal 0.46 0.29 0 0 0 0
Manned Buoy 0. 87 0.84 0. 90 0.89 0.95 0.95
Ocean Vessel 0.87 0. &4 0.90 0.88 0.94 0.94
Recon Acft 0. 66 0.44 0 0.06 0.08 0
Satellites 0.47 0.33 0.20 0.05 0 0
Ship of Oppor 0. 87 0. 84 0. 90 0.66 0. 47 0

The layer weights by, used in this section are by =bg = 0.6, by =bg =b, =bg =
1.* Parameters are all assumed to be of equal importance in all layers. Layer effec-
tiveness and weighted average effectiveness, computed from Table 2-1A for each of the
platfiorms, are given in Table 3-2. The scores in Table 3-2 represent the brsic effen--
tiveness of the one platform type.

The computation of the layer effectiveness of a mix of platforms within an area A
involves the summation of independent capability scores, as indicated Ly Eq. (2-2).
‘The independent capabilities are determined in the following manner. In Table 3-1A
identify the platforms in the mix; within a layer select the platform with the highest
reliability. Compute the layer effectiveness of this platform {1 the normal manner.
Next, subtract these capability scores parameter by parameter from the capability
= ores of the platform with the next highest reliability. Compute the independent layer

cffectiveness of the second platform using the capability differences, ignoring any negative
values. Add this effectiveness to the first platform effectiveness. If there is a third

*These layer weights were provided by the NDBS DPO for this study. Othex
layer weights are discussed in Section 4.

31

s e g R T e T e T S T A T T TR S T




AVERAGE EFFECTIVENERS FOR EICHT PLATVTORMS

i R
Decp Qeean Operaticnal . ‘ .
i g . { Weighted :
| v Basic Fffectiveness 1 1
Platiorm S ; AVE. ‘
| Laver | Layer | Layer | Lay.r} Layer |Layer | Effectiveness
] 2 3 4 6
— _ Lo 1 N
o == = 1
Buoy 0,05 | 0,04 1 D064 | 0.6 084 063 0.45
| i 5 |
PoAe gned Buoy 0.82 %Y 0.56 0. 54 0.9L ,0.90 0.45
‘ {
1 i
: N N R | N . | -
i Oceqn Vesscl AW 0. 590 il 0. a6 0.33 1 0,80 | 0,39 0, 8:
¢
| [
Satellites 0, 36 4,25 1 0.15 0.04 | 0 0 Q.18
i 1 5
Hor Sound Bal | 0.32 0,20 0 0 ! 0 U H 08 |
. . | | - . i
Acft of Oppor | 0.42 | 0.13 | 0 0 3 0 G.08 |
! !
o PR o - - ) !
ship of Gpnor 0, 82 G.30 1+ 0,86 0.63 ! 0. 45 9 0.62 i
i | |
o o . | . i
Recon Actt 0. 13 0,42 1 0 1 .08 ’ 0.07 G 0.18
|
¢ { o -

plaiform in the mix, add the capabilities of the first platform and the difference capa-
bilities of the second piatform, parameter by parameter, and subtract the sum from
the parameter canabilities of the third platform. The independent layer effectiveness
of the third platform ir computed {rom the resulting difference capabilities. This
vlicctiverss is added to the sum of the first two platforms. The process is repeated
for all platforms in the mix. The resulting layer effectiveness, F.n in Eq. (2-2), can
urver exceed the value of ibe uig! st relisbilit:- in the mix. Egquation {2-1) is then
used to get the svatem eoffectiveness over the area A, using the layer weights given
above . *

in many combinations of plattorms, the platforms do not all cover the same geo-

grapuical area. They tend te overlap in some areas and not in others. This results
in the 1ormation of several sub~mixes, cach with different combinations of plaiforms,
and each with ite own arcal coverage. An eliectiveness must be computed separately
for cach sub-mix in the manner described above., The sub-mix effectiveness values

*Computation of platform mix effectiveness is discussed in greater detail in

Appendix .
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then are sunply added to obtain the total aresl-inteprated effectiveness of the
combi.ation of plaiforms. The mix effectivensess valuos givea In this section dre

the total areai-integrated values.

3. 2.1 General Comparison of Typical Mixes

The results of an analysis of several tical mixes in the Deep Ocean area are
shown in Table 3-2 in order of increasing cost. The cost effectiveness ratics of these
mixes are given ip Table 3-3 and graphically compared in Fig. 3- L

From Fig. -1, the system with the lowest cost effectiveness ratio (low cost
effectiveness ratio is desirakle) is 150 buoys. The system with the greatest cifective-
ness i~ 150 manned buoys. Mix 4 -- 20 ocean vessels*, 190 ships of cpportunity, and
10 reconnaissance aircraft (an observing system mix assumed ‘o be somewhat better
than the "p.>sent” one} -- has a low effectiveuess and the worst cost effectiveness ratio.
Adding 4 satellites to the "'preseat’ system (Mix 4) shows considerable improvement
(Mix 3} But the addition of 137 buoys to Mix 5 doubles effectiveness and reduces the
Mix 5 cost effectiveness ratio by 40% (Mix 6). Excha. 7ing 10 buoys for 10 maaned
buoys (Mix 7) increases effectiveness, but also increases cost efiectiveness ratio. The
additicn of bucys to all mixes resuits in 8n increase in effcctiveness and an improve-
ment in the rost effectiveness ratic. The impreovement is especiatly significant when
buoys are combined with horizontal sounding balloons, or satellites, or 100 ships of
opportunity, i.e., Mixes 1, 2, and 3.

Table 3-3 gives further information about the mixes shown in Fig. 3-1. It in-
cludes areal coverage of the mix, ccst, and effectiveness in an atmospheric layer
(Layer 2) and an ocean layer (oayer §). Of the systems listed, four are availalle for
$200 million ur less per ten years. They are the horizontal sounding batloons, ~atel-
lites, buoys, and ships of opportunity. The buoys have little effectiveness in meeting
atmospheric requirements; balloons and satellites are effective only in the atmos-
phere; while the ships of opportunity are rapable of doing well in both the atmosphere
a, 'ocean (see Table 3-2), but are penalized b a low value for areal coverage.

Two-platform mixes ol buoys with satellites, buuwyy with balloons, and buoys
with ships of opportunity may be obtained for under §$°90 million per ten years. The
platforms in these mizes are complementary for the most part as indicated by the

“Thirteen ocean vessels are assumed to be on station.
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TzAB}JE 2"‘3
ANALYSIS OF VARIOUS PLATFORM MIXES IN THE DEEP OC..AN AREA

: —
] [S4a i
1 tform i Areal Cost thf,eu . Effect. injEffect. m
t Mi Coverage | ($105) ve $10% Layer 2 : Layer &
i ness ) (Atmos) | {Ogcean)
2500 HEB 100% 140 | 0.0755] 1.854 0.20 0.00 |
4 SAT 1009 168 | 0.124 1.334 6,28 0.00
1150 B 100% 195 | 0.404 0.429 0. 04 0.64
100 SO0 299, 206 | 0.1361] 1,470 0.18 0.10 |
H ;
150 B, 2500 HSR 100% 335 | 0.530 | 0.632 0.24 | o.o4
LT
1150 B,4 SAT 1007 551 | 0.5304] 0.851 .25 | .64 |
i 1
1150 B, 190 SO0 100% 385 | 0.531 | 0.744 0.21 0.68 |
! ]
20 GV, 100 SO0, 10 RA 33% | 820 | 0.216 3,797 0.26 no1e
20 OV, 100 SO0, 10 RA | 100% 888 | ©.302 | 3.270 0.47 | 0.3 |
4 SAT, 80 AOD 3 ‘ §
§
1137 B, 20 GV, 100 SGO 100% 1164 | 0.622 ¢+ 1.872 ¢ 6,78 0.78
110 RA, 4 SAT, 40 AOO
127 8,10 MB, 20 OV, 100% 1 1251 | 0,545 1,941 0.78 0.72
100 SO0, 10 RA, 4 SAT |
80 AOO
i
150 MB 1007 | 1500 | .85 1.76 0.80 0.91
L. e RS L i 1
Definitions:
HSR = Horizomial Sounding 3alloon
Satellites
= Buoy

= Ship of Opportunity {2/3 are at sea)

= Qceanographic Vessel (2/3 of vesaels are on station)

- Reconnaissance Aircraft (1/2 of aircraft are fiving)
Aireraft of Opportunity (0.8 of aircraft are flying)

Manned Buoy
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DEFINITIONS
Abbreviations i Mixes !
. = e =g
HSB = Hor. Sound Bal 1 = 150 Buoys, 250 4SB
SO0 = Acft of Oppor 2 = 150 Buoys, 4 SAT
SAT = SHatellites 3 = 150 Buoys, 100 SO0
RA& = Recon Aircraft 4 = 200V, 160 SG0, 10 RA
B = Buoy 5 = 26 OV, 100 S0OQ, 10 RA,
3 SGO - Ship of Oppor £ 8AT, 60 ACC
v OV = Ocean Vessel 6 = 137 B, 20 OV, 100 SO0,
: MB = hkiapned Buoy 10 RA, 4 SAT, 50 AGC
7 = 127 B, 20 OV, 109 S0Q,
10 RA, 4 BAT, 60 AOD,
10 MB
: Uirozem”
o Sysiem
= X
32 1064 : Milx
7= i
£ 8
Zo MO T | Add 4 SATS, 60 A00
e
SR [ Ade 37 Buoys |
= fg Replace 10 Buoys with
‘: § - 10 Maunned Buoys
200 4
& & 7 150
5 2500 Manned
2.0 2+

Hueys

Constant Cost

1.5 & Curves:
C $1400 x 10°
1.0 4 - $1000 x 10°

Satellites \
- Mix 2

0.5 Add ' $ 600 x 10°
150 &

l Buiyh& Buoys $ 200 x 10

" R A S B B e e S
0.1 0.2 0.3 0.4 0.5 0.6 ¢.7 0.8 0.8 1.0

Effectiveness

Pig. 3~1. Comparison of Cost Effectiveness Ratios for Platforms and Pladform
Mixes in the Deep Ocean Area




atmosphere and veean cffectiveness scores; however, the atmospneie effectiveness is
still low compared with the ccenn effectiveness. ¢

To obiain a balanced, high effectiveness in both atmosphere and ocean it is
necessary to spend over »110C million per ten years. The highest balanced effective-
ness is obtained with full coverage by manned buoys at a cost of $1500 mazilion.

Thus it is seen that a respectahle effectiveness in the ocean may be obtained
rather inexpensively with buoys. Obtaining a similar effectiveness in the atmosphere,
however, is quite exponsive. It appears that, exclusive of an all-manned buov system,
any mix would, of necessity, contain a large unmanned buoy component. The remainder
of the mix would depend upon how much money one is willing to spend for the atmos-

pheric observations.

3.2.2 Comparison of Various Buoy-Manned Buoy Mixes

Assuming that buoys will be an essential part . a data gathering system, it
remains to determine the best platform or platforms to be used with bu~ys to provide
whatever degree of atmospheric effectiveness is desired. Toward this end, detailed
analyses of buoy~-manned buoy n:ixes and bucy-ships of op,.ortunity mixes have been
made. The former analyses are discussed in thiz _ >ction and the latier, in the next
section.

The analysis of a large range of buoy-manned buoy mixes is given on a cost
effectiveness ratio versus effectiveness diagram in Fig. 3-2. The basic assumntion
nt these mixes is that buoys and manned buoys are never placed at the same location.
Three curves are shown which indicate mixes that provide 1/3, 2/3 and 3/3 areal
coverage, respectively. Each curve has a system oi all buoys on une end and all
manned buoys on the other end. Three other curves labelled I, II, I, indicate the
buoy-manned buoy mixes available for $200 million, $600 million, and $1000 million,
respectively.

The constant cost curves I, II, il show that the replacement of buoys with
manned buoys results in a decrease ol effectivencse and an increase in the cost effec-
tiveness ratio. The constant arcal coverage curves show that replacement of buoys
with manned hucys results in an increase of both etfectiveness and cost cffectiveness

ratio. The increase in effectiveness is of course accompanied by an increase in cost.
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Definitions

B = Buoy
MB - Manned Buoy
3.0 I = Cost of 8200 x 106
i1 = Costof $.00x 106
III - Costof 31000 x 106
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Fig. 3-2. Cost Effectiveness Ratio Comparisons of Various
Burv-Manned Buuy Mixes in the Deep. Ocean Area

To cl.ow the effectiveness of the various bucy-manned buoy mixes in the atmos-
phere and ocean, the mixes of Fig. 3-2 have been precented on a Layer 5 versus
Laver 2 effectiveness diagram in Fig. 3-3. This diagram shows that any mix with a
large percentage of buoys results in poor atmospheiic effectiveness. To obtain at
least 0.5 effectiveness in both layers requires a mix on constant curve I representing
a ten year cost of $1000 x 106. To obtain the proper mix of buoys and manned buoys
one must specify the minimum acceptabie atmospheric effectivenes. .esired. Basing
the choice of a mix on cost effectiveness ratio alone would inevitably resuit ir a very

low atmosvheric effectiveness.
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3.2.3 Comparison of Various Buoy-Ship of Opportuaity Mixes

. Since buoys are tixed in location and ships of ¢pportunity move around on their
own schedules and in more or less fixed skipping lanes. we are obliged to alicw some

. variability in thc areal coverage capability of a given number of ships and the degree
of overlap . arcal e~verage between buoys anc ships., These factors are considered
in the next fev diagrams which show the analysis results of various buoy-ships of
opportunity mixes.

Fig. -4 shows two curves relating number of ships to vealizable areal coverage.

Th curve m rkeo "normal’ is our best estimate of what the reiationship should be.
The cv e .arke ! "tug "' is what we believe to be -1 optimistic estimate ot t! - rel: -
ti, “ship. in the following diagrams, the curve: markecd | and UI utilized the noriial
a val coverage curve. while the curves marked ' and 1V utilized ihe uigh real

cove™ e curve.

Normai High

o) r ’ ®

R

/
300 ke / /

200 }- /

Namhber of Shins
N

Fractional Areal Coverape

Fag. -4, Asst aed Relationships Between Areal Coverage and Number
of Ships of Opporturity in the Deep Ocean Area
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Definitions

100 SOO, 150 Buouys,; Cost $395 x IOF’T
200 SOO. 150 Buoys; Cost $595 x 10"
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The buoy-ships of opportunity mixes may be cors.dered in a slightly different
way. Suppose, to save money, we remove buoys in direct ratio to the areal coverage
of the ships of opportunity. That is, if the areal coverage of ships of opportunity is
20° then remove buoys from 20°) of the area. Furthermore, supjose that the ships
alwa: s remuin in the area vacated by the buoys, thus maintaining 1¢0'; areal coverage
over the ocean. The mixes under these conditions for both the normal and high areal
coveragn curves for ships of opportunity are shown in Fig. 3-7. A comparison of the
results with these of Fig. 3-5 shows the net result of saving money by removing buoys
1s a genera!l reduction of effectiveness for all mixes.

The buoy-ships of opportunity mixes may be formed in a third way. Assume
that the ships always overlap buovs and that the regions vacated by buoys are free of
all platforms. This is the opposite extreme to the second method. The result of this

method ts an even greater loss of effectiveness.

i
!

L Detinitions ”‘i
3.0 % I 1l = Normal SO0-Area Curve !
2 IV = High SO0-Area Curve :
- b } . No buoys deploy 1n S0} Area ;
o [+ Areal coverage assumed to be 100 |
il
20 68 Buovs P
500 SO0 v
) f 15 Buoys
1.0 j= {

I 500 SOQ
{

——

1o Buoys J /
1.0 = 200 SQU ; / a7 Buoys

<
117 Buoys ¢ d =00 500

LN 100 500 TT Buoys

Cost Effectiveness Ratio
(Multipty by 109 Dollars)

Effectiveness

Fig. 3-7. Cost Effectiveness Ratio Comparisons for Various
Buny~SO0 Mixes

)

o —— iyl




T
13

e

Simple equations ior the effectiveness of cach of the three methods of combining
buoys and ships of oppor anity are easily derivabi:. In the Dirst method we gave Lou
areal coveruge with buoys and &7 coverage with ships.  Let Ey be the platform coffec-
tiveness for buoys and Epe, the effectiveness for a buoy-ship of opportunity mix.

Thus the system effectiveness for the first method is

B (1=8) iy - SE_ o

A r .,S"‘__:
Br Eg o SR - kp)

For the second method, the system effectiveness is

where EQ is the platform effectiveness for ships f opportunity - This becon s

K oS (F.-F
B, E S - E

For the third method

E (1-28) F « SE. ot
3000 B pa Y

. FoooS(F. . -2E ).
3 B BS B

If we substitute the values

) N 4o, K 0.6, and E Q.50
E o, E% Q.00 anc 3

.

we et

. 0.45 - .35 8

E,  0.43 - 0,178

b 0.45 - U TU R

The actual effectiveness of a mix in which buovs arev removed as ships are added
would e somewher between the extremes represented hy Found B

i - N
Since the shipr of opportunity provide obsevvations in the Coastal North America

area as well as in the Deep Ocean, we should consider the etfect o the rnalvsis o

sharing the cost of onerating the ships hetween the two requirement sets. Based on

- <4




the amouut of tume the ships are in each area, we have recomputed the previous re-
sults charging the Deep Ocean requirements with 87% of the total ship operating
costs, The results are shown in Fig, 3-8, This process does not change effective-
ness but doas lower the cost effectiveness ratio by a small amount.

3.2.4 Comparison of Manned Buoys with Ships of ¢ ortunity When Mixed
with Buoys to Give 100 Percent Ocean Arcal Coverage

We may now ask whether manned buvys or ships of opportunity result in a niore
effective mix when combined with buoys to give 100% ocean coverage.

In Fig, 3-9 are shown the syste.  “ectiveness values of twe sets of mixes.

One set costs about $600 million per ten years and the other, abcut $1 billion per ten
years. In each set there is a curve for ship of opportunity mixes available at the given
cost (assuming different areal coverage capabilities as given by points I and L+ 1
manned buoy mixes also available at that cost, The data for this figure were extracted
from Fig. 3-2 and Fig, 3-5. Fig. 3-9 shows that maaned buoys and ships of oppor-
tunity are capable of producing about the same system effectiveness at both cost

levels, If the ships of opportunity are restricted to the normal areal coverage {(point I},
the manned buoys have a slight advantage.

The atmosphere and ocean effectiveness values of the same two sets of mixes
are shown in Fig. 3-10. The data for this figure were taken from Figs. 3-3 and 3-6.
At $600 million, the ships of opportunity ard manned buoys are equally effective when
ships of opportuaity are considered according to the normal areal coverage curve.

At $1 billion the manned buovs are more effective under the same consideration.

Since the analysis shows manned buoys and ships of opportunity to be so closely
matched, it appears that the decision to pick one or the other should depend on factors
not yet considered; for example, the availability of crews for manned buoys, the effect
of cost sharing with the Coastal North America area, and a more comprehensive

evaluation of the areal coverage capability of a givcn numb. - of ships of opportunity.

3.3 Coastal North America Area

The Coastal North America area comprises a band 400 miles wide adjacent to
the coast of North America including Alaska, The composite requirements for this

area are for data every three hours in the ncean, every 6 hours in the atmosphere,
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[Note: Data taken from Figs. 3-3, 3-6
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from the ocean bottom up through most of the atmosphere, on a grid mesh averaging
about 100 n mi between grid points, The specified grid requires data at 350 points for
full horizontal coverage (see Fig. 2-1).

The individual platform capability scores for the Coastal North America area
are given in Tables 3-4a and 3-4b (sce Section 2, 4. 1,1 Capability) by parameter for
each of the six layers and by layer respectively. The method for computing layer
effectiveness and total areal-integrated effectiveness of a mix of platform is given
in Section 3,2, These effectiveness values for single platforms are given in Table

3-5.

3.3.1 General Comparison of Typical Mixes
The results of an analysis of several typical mixes in the Coastal North

Amer'~a area are shown in Table 3-6 in order of increasing cost. The same mixes
are plotted on a cost effectiveness ratio versus effectiveness diagram in Fig. 3-11.

From Fig. 3-11, the system with the lowest cost effectiveness ratio is one
comprised of 350 buoys. A system of 350 manned buors was not included in this group,
since it is not a logical system for this requirement set. It would undoubtedly produce
the highest effectiveness score. Certain platforms--horizontal sounding balloons,
ships of opportunity, and satellites--all fare poorly when considered alone, but become
more attractive when teamed with buoys. The mix of 60 aircraft of opportunity, 10
reconnaiseance aircraft, and 4 satellites, a sample non-buoy mix, has a low effective-
neas and high cost effectiveness ratio.

The effect of sharing cost of the various platf~~ms in the mixes is indicated in
Fig. 3-11. In most cases there is a marked improvement in cost effectiveneas ratio
although, of course, the effectiveness does not change. The cost sharing criteria are
shown in Table 3-7 and are based essentially on the relative amount of time a plat-
form spends taking cbservaticns .a one or the other of the two areas.

Table 3-8 gives further information about the mixes shuwn in Fig, 3-11, It
includes areal coverage of the mix, cost, and effectiveness in an atmospheric layer
(Layer 2) and an ocesan layer (Layer 5). Four systems are available for $350 million
or less, all single platform systema. Of these only the buoys have an appreciable
capability in the ocean and only the satellites, in the atmosphere. Nons of the
mixes shown in Table 3-6 provides a balanced capability in both ocean and atmosphere.
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TABLE 3-4B
PLATFORM CAPABIL.TY SCORES BY LAYER FCR COASTAL
NORTH AMERICA OPERATIONAL REQUIREMENTS

Layer Capabilities
Platform 1 2 3 4 5 6
Acft of Oppor 0.52 0. 07 0 0 0 0
Buoy 0.10 0.07 0. 89 0. 80 0,80 0.79
Hor Sound Ral 0,62 0.41 0 0 0 0
Manned Buoy 1.00 1. 00 1.00 0.89 0.95 0,95
Ocean Vessel 1.00 1,00 1.00 0.89 0,94 0. 94
Recon Acft 0.70 0.43 0 0. G6 0. 08 0
Satellite 0.46 0, 37 | 0. 22 0. 05 0 0
}Shlp of Oppor 1.09 1.00 1,00 0. 68 0.47 0

3.3.2 Compearisop o Various Buoy-Mansed Buoy Mixes

Again assuming that buoys will be an essential part of s national marine data
gathering system because of their low sost effectiveress ratio and high ocean effective~
ness, we next attempt to establish the best platform or platforms to augment the buoys,
especially for increasing the atmospheric effectiveness. To complete the analysis
startsd in the Deep Ocean area, it is again chosen 0 analyze buoy-mammed bucy mixes
and buoy-ship of cpportunity mixes. The former anilyses are disoussed in this sec-
tion and the latter, in the next.

1a the analysis of buoy~manned buoy mixes, the effect of varying the stmospheric
data density requirement was expiored. Fig. 3-12 shows the resuit of this anaiysis. In
all the computations a stsndard yiid mesh of 100 n m! was used for the ocoean layers
data density requirement. There are 350 grid points that must be sampled on tais
grid. Three different grid meshes were used as the standard in the atmoapheric
Layers 1 and 2. Thay are & 200 n mi grid with a requiremext of 8% grid points for 100%
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TABLE 3-5
COASTAL NORT:! AMERICA AREA LAYER EFFECTIVENESS AND WEIGITED
AVERAGE EFFECTIVENESS FCR EIGHT PLATFORMS

EFFECTIVENESS
T
Layer | Layer | Layer | Layer | Layer| Layer Welghted
Platform Avg.
1 2 3 4 5 6
Effectiveness
Buoy 0.08 0.06 0.71 0.64 | 0.64 | 0.63 0.48
Manned Buoy 795 | 0.9F 0.95 0.85 i 0.90 |0.90 0.92
Ocean Vessel 0.95 0.95 0,95 0.85 0.89 | 0.89 0.91
Satellite 0.35 | 0.28 0.17 0.04 0 0 0.13
Hor. Sound Bal | 0.43 0.29 0 0 0 0 0.11
Acft of Oppor 0.49 | 0.07 0 ¢ 0 0 0.07
Ship of Oppor 0.95 0. 95 0.95 0.63 | 0.45 0 0.68
Recon Acft 0.67 l 0.41 0 | 0.06 | 0.07 0 0.18

areal coverage, a 280 n mi grid withk 44 required points, and a 400 n mi grid with 22
required points. For the 200 n mi grid, three mixes were analyzed; one with 88
manned bucys and 262 buoys, giving 100% areal coverage in both the atmosphere and
ocean; another with 44 manned buoys and 306 buoys, giving 50% areal coverage in the
atmosphere and 100% areal coverage in the ocean; and the last witn 22 manned buoyse
and 328 buoys, giving 25% coverage in the atmosphere and 100% in the ocsan.

For the 280 n mi grid, two mixes were analyzed; one with 44 manned buoys and
306 buoys, ,.ving 100% areal coverage in both tho atmosphere and ocean; and the
other with 22 manned buoys and 328 buoys, giving 50% atmospheric coverage and 100%
ocean coverage.

For the 400 n mi grid, ope mix was analyi.d. It contains 22 manned buoys and
328 buoys to give 100% coverage in both the atmosphers and ocean.

In Fig. 3-12 the constant areal coverage lines are indicated as well as the con-
stant manned buoy lines and constant ;rid mesh lines.
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TABLE 3-6

ANALYSIS OF VARIOUS PLATFORM MIXES FOR
THE COASTAL NORTH AMERICA AREA

Effect. in | Effect. in
Platform Mix C:;x;al e (siof;s) Effectiveness (‘$i/11‘(:)9) Layer 2 Layer 5
ag {Atmos.) (Ocean)

2500 HSB 4% 140 0.0042 33.0 0.01 0.0
4 SAT 100% 166 0.1321 1.28 0.28 0.0
100 SOO 3% 200 0.0204 9.80 9,03 0.01
350 Buoys 100% 350 0.476 0.73 6.06 0.64
350 Buoys
2500 HSS3 100% 490 0. 480 1.021 .07 0.64
350 Buoys
4 SAT 100% 516 0.549 0.939 Q.28 U.64
350 Buoys
100 SO0 100% 5590 0. 4392 1.119 0.10 .65
30 AQO, 100 SOC
10 RA, 4 SAT 100% 576 £.151 3.816 [ 0.30 0.G
Note:

HSB = Horizoatal Sounding Balluen

SAT = Sateliite

SO0 = Ship o1 Opportunity

AOO = Afrcraft of Opportunity

RA = Reconnaissance Aircraft

Fig. 3-12 permits an easy s3sessment of the impact of changes in funding {the
constant buoy lines are also constant cost lines) and changes in the atmospberic data
densaity requirements, {wo important factors which at present are not {firmly
established.

Tho effect of the mixes shown in Fig. 3-12 on the effectiveness {n Layers 2 and
5 is given in Fig. 3-13. Ar would ba expected there is little change in the Layer 5
(coean) effectivencas over the range of mixee sinoce both buoys and manned buocys ww
well in the ocean and the coverage there is 100%.
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Fig. 3-11. Variations in Cost Effectivensss Ratics for Platform >Mixes in the
Coastal North America Acea Due to Cost Sharing
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TABLE .7
PERCINTAGE OF TOTAL PLATFORM COST CHARGED TO
DEEP OCEAN AND COASTAL NORTH AMERICA AREAS
FOR COST SHARING COMPUTATIONS

]
’ Coastal Deep
Platform North Ocean
America
b=
Ship of Opporturity 13% 87%
Aircraft of Opportunity 13% 87%
Horiz. Sound. Balloons 8, 5% 31.5%
Satellites 8.5% 91.5%
Reconnaissance Aircraft 19% 81%
Buoys 1009 100%
Manned Buoys 100% 100%
Ccean Vessels l 100% 100%

The Layer 2 effectiveness (gstmosphere), however, varies over s wide range,
depending only upon the assumed areal coverage of a given mix {n the atmosphere
which, of cou.se, 18 directly reiated to the assumed atmospheric grid wesh. For a
fixed cost mix, the selection of atmospleric grid {s thus ssen to exert 8 profound

influence on the Layer 2 effectiveness.

3.3.3 Comparison of Various Buoy~Ship of Opportunity Mixes

in the Coastal North America area, the apalysie of buoy-ship of opportunity
mixes ev luated the effect of different areal coverage capabilities for the ships, cost
sharing of ships with the Deep Ocean ares, and changes in the atmospheric data den-
sity requiraments.

The normal and high areal coverage curves for ships of opportunity with respect
to a 100 n mi grid requiremert for atmespberic data are r“ov n in Fig. 3-14. A pro-
cedure similar to the o  ,ed in Fig. -5 was exaployed to construct and analyre
mixes utilizing these curves. The razuits of iiis aralysis are shown in Fig. 2-15,
The mixes comprige 35U buoys ard 100 peint 1), 200 (point 2), and 500 (poim 3) ships
of opportunity, resectively. Curve | uscs the normsl aresi coverage and Curve I,
the high areal coverage. Because the areal coverage is generally low, Curves | and
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I do net differ by much. The cost effectiveness ratio is seen to rise sharply with the
addition of si.ips of opportunity, with only 2 marginal increase in effectiveness. When
the cost of the ships is shared with the Deep Ocean at 13% of the total cost, however,
the cost effectiveness approaches that of buoys aione.

To show the effect of the mixes shown in Fig. 3-15 in the ocean and atmosphere,
they are presented in Fig. 3-16 on a Layer 5 effectiveness versus Layer 2 effective-
ness diagram. The atmospheric effectiveness is seen to be quite low and the addition
of ships of opportunity causes only small changes ir Loth the ocean and atmosphere.

As in the Deep Ocean area (Fig. 3~7), mixes of buoys and ships of opportunity
were analyzed, in which buoys were removed in proportion to the areal coverage of
the ships, under the assumption that the ships always occupie the areas vacated by
the buoys. The results of this analysis are shown in Fig. 3~17. This process results
in a small net loss of effectiveness. The effect of cost sharing the ships (at 13% of
total cosi) with the Deep Ocean area is about the same as shown for the mixes in
Fig. 3-15.

To test the effect of various data density requirements in aimospheric Layers 1
and 2, the ship-of-opportunity, areal-coverage curves for 100, 200, 280, and 400 nmi
grids shown in Fig. 3-18 were constructed.

The analysis of several buoy-ship of opportunity mixes with variasble atmos-
pheric grid requirements is shown in Fig. 3-19. In all mixes, 100% ocean coverage
is supplied by 350 buoys. With the buoys are mixed 100, 200, and 500 ships of oppor-
tunity respectively, to provide three points for each constant grid mesh curve. The
100 n mi grid mesh curve is identical to curve I in Fig. 3-15. It is seen that increas-
ing the grid mesh in the atmosphere does {mprove the cost effectiveness retic and the
effectiveness, but only by small amounts. The effectiveness scale has been enlarged
to show the vaiues more clearly. The lack of more pronounced changes is due to the
relatively low areal coverage attainable by ships of opportunity.

The analysis of the mixes in Fig. 3~19, when the ships are cost shared with the
Deep Ocean area (at 13% of total ship cost), is given in Fig. 3-20. Here the cost-
effectiveness ratio assumes an almost-constant, relatively low value. The mix effec-~

tiveness values, of course, do not change in cost sharing.
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The resulting atmospheric and ocean effectiveness values for the mixes given in
Fig. 3~19 are shown in Fig. 3-21. The atmospheric effectiveness, even for the most
favorable mix and grid mesh, is seen to be relatively low, while the ocean effective-
ness is not much greater than that attainable by bucys alone.

3.3.4 Comparison of Manned Buoys versus Ships of Opportunity wher Mixed
with Buoys to Give 100 Percent Ocean Coverage

The question of which platform should be teamed with buoye in the Coastal North
America area — manned buoys or ships of opportunity —~ is considered in this section.

In Figs. 3-22 through 3-24 are comparisons of cost effectiveness ratios of the
two types of mixes for grid meshes of 200, 280, and 400 n mi. These results have
been taken from Fig. 3-12 and Fig. 3-19.

For the 200 n mi grid, the two types of mixes are competitive only for the
lowest cost mixes in each typs. As the cost of the mix i8 increased the buoy-manned
buoy mixes are far superior. The buoy-ship of opportunity mixes attain a low cost
effectiveness ratio when the cost of the ships is shared with the Deep Ocean area;
however, their effectiveness is far below the best buoy-manned buoy mix.

As the grid mesh is increased the superiority of the buoy-manned buoy mixes
increases (see Fig. 3-23 and g. 3-24).

Similar results are obtained on a Layer 5 versus Layer 2 effectiveness compari-
gon, shown in Figs. 3-25 through 3-27.

For a given amount of money, the buoy~manned buoy mixes always produce a
higher atmospheric effectiveness. The difference in eifzctiveness increases as the

grid mesh increases.
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4.0 ANALYSIS OF FFFECTS OF PARAMETER AND LAYER WEIGHTS

4.1 Background

In the previous sections of this repert, all required parameters have been as-
sumed to be of equal importance. The relative importance of the six layers thus far
was defined by the NDBS DPO to be the following: Layers 1 and 6 = 0.8; Layers
2, 3, 4, 5 = 1.0, Throughout the course of this work, however, it was recognized by
both the NDBS DPO and TRC that it would be desiruble to incorporate in the cost
effectiveness model the ability to accommodate relative importance weights for ali the
layers and tl:: parameters required within each layer. Furthermore, it wus deemed
desirable to solicit relative importance weightings from U.S. Government Agencies
with stated requirements for marine atmospheric and oceanographic data.

The NDBS DPO, assisted by TRC, solicited the relative importance of stated
requirements for parameters and observing levels from four agencies with exten-
sive operaticnal requirements: Bureau of Commercial Fisheries (BCF), Environ-
mental Science Services Administration (ESSA), U.S. Navy (USN), 2nd U.S. Coast
Guard (USCG). The solicited information was collected as a parallel part of the 1968
TRC effort {o determine the applicability of NDBS to refined national requirements for
marine meteorological ard oceanographic data {7]. The information became available
too late to be incorporat>d in the previous sections of this report.

Recognizing the importance of this coliected data, the NDBS DPO requested
that TRC conduct a selected set of calculations with the new data, to form a comparison
with the work done in Section 3 for Figs. 3-1 and 3-11. In brief, the NDBS DPO
sought an answer for the question: ""What is the sensitivity of cost effectiveness re-
sults to the incorporation of agency-supplied reiative importance weightings of

parameter and layers?" The answer to the question is '"Ihe cost effectiveness resulis

are relatively insensitive to parameter and layer relative importance weighting pro-

vided by agencies," The remainder of this section is devoted to substantiating that

answer.

4.2 Solicitation of Parameter and Layer Relative Importance Weights
Each of the four agencies -~ BCF, ESSA, USN, USCQG, -- was requested to

rate, in relation to the performance of its operational missions, 50 required
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parameters distributed throughout the seven vertical 'ayers (Table 2-1).* Some
parameters appeared in more than one layer. The 50 operational parameters**
selected for this purpose had been previously required by at least oue of the four
primary agencies and were judged to have the potential of general applicability for
agency operational missions. The rating criteria for estimating relative importance

are presented in Table 4-1.

TABLE 4-1
CRITERIA FOR ESTIMATING RELATIVE VALUES
OF PARAMETERS AND LAYERS

Criteria Value ;
Must have tc satisfy missions 5, 4**x
Important to satisfy missions 3, 2¥xx
Useful to satisfy missions 1
Ci no value to satisfy missions 0

Two ratings were requested, one for those missions principally oriented to-
ward atmospheric parameters and the other for those missions oriented toward
oceanic parameters; however, the responding agencies preferred to make only one
combined rating for all missions. Furthermore, each agency stated that the ratings
were tentative and subject to change.

Table 4~2 contains tabulations of the four agencies' estimates of relative values

of parameters and layers. The table shows the sum of all parameter relative values

*Although Layer 7 (bottom) relative importance values appear in Table 4-3,
they were not used in the Section 3 or Section 4 computations, because they do not
apply to operational requirements.

**Certain "parameters' used in this cost effectiveness analysis, such as bio-
logical factors and chemical factors, were more specifically delineated in the list of
parameters £7.i to the agencies. The collected results were averaged to provide
relative imporwaace weights for the lists of raramete 1 given in Tables 2-2 and 2-3.
This was done to afford consistency with previous results. Future cost-effectiveness
studies should be made with an expanded number of chemical and biological param-
eters =ow that more specific information is available.

***The two numbers allow for a minor gradation of value.
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TABLE 4-2

PARAMETER AND OBSERVING LAYER RELATIVE VALUES

Agency Relative Valuos for Agency Parameter x [ayer ! Sum of Parameter aod Layer
i . Parameter Parsmetera snd Layera Parameter Producta | Parameter » ‘Must” for |
: BCF ___E88A TTTNAVY T Sumn ey ey ey x layer S M Sr—
) Lyrj> Per | Ly R tr:{- 1 BCF Iswv‘[ NAVY I_UBCGj Products BCF | FSSA i NA\'\I USCG
Layer I 100,000 2 layer > 30,000
1. Orooe Comtent 5 [ 5 { 1 ] 3 [ 1 I [ 0 25 3 9 24 X
2. Cosmic Radiation | 3 p o] 0 4 15 3 0 in
3. Clowd Tops I 5 3 | 1 9 2 % 1 3 X
s 4. Cioud Bases s 3 | 1 9 23 9 1 35 X
S 5. Cloud Amount i s 2 3 1u 2 9 3 37 b3
g 6. Wind Speed I 5 2 2 ‘ v 2% 6 2 a3 x
4 7. Wind Direction s H 2 3 28 6 2 23 X
3 K. Air Temperature H 3 2 10 25 ? H 3 i X
b 9. Height | 5 4 ! 3 ' 12 23 12 2 4 X
i 10. Aumos. Preseure | 5 5 : 3 13 5 15 3 5 X
13 11. Dow Point/Humidity ¢ 5 3 { H | : 25 9 2 % X
¥
E layer 2: 30,00¢ : layer > 45 R
3}
: 1. Ozome Content [} [ 1 1 0 3 2 s 3 0 1"
N 2. Cosmic Raciation 1 ) 7 u 2 5 5 0 i0
o 3. Cloud Tops 3 3 \ ¥ s 1% 13 3 s X
M 4. Cloud Bases 3 5 1 11 25 28 3 53 X X
i 5. Cloud Amount 5 5 s 15 15 8 15 [ X X
: 4. Wind Speed 5 H 3 10 28 10 9 “ X
, 7. Wind Direction 5 2 3 0 25 10 9 “ X
i 8. Alr Temperature ‘ 5 a s N 38 15 9 @ X
3 9. Heigit s 4 3 12 F 20 [] 54 X X
l 10, Atmoa. Pressure 3 ] Vos 13 28 28 ® 39 IS X
H 11, Dww Poimt/Hum!dity i ] 3 2 10 1] 15 8 +
5 12. Atmos. Electricity 1 [ [} 1 5 [ 0 5 1
X Layer ) 48 =« Layor >O0N
H - -
. 1. Wind 8pesd 5 ] [ 5 5 ] ) 28 1] 28 100 X X X X
: 2. Wind Direction 5 5 1 s 20 28 28 [ 13 100 X X X X
; 3. Alr Temporsture 3 s 5 5 20 28 1) ) £ 3 100 X X X X
i 4. Height 4 5 4 [ 14 [ 2 20 13 0 x x X
i 5. Atmos. Pressurs ) [ s 3 ) L s 28 28 100 X X X X
! - ¢. Dew Point/Humidity | 8 [ 5 . 19 ) 1 Y 120 ”» x X x X
- 1. Atmos. Electrictty ° 1 1 [ 1 0 s H ° 10
8. Insalation 3 3 » [ 1s 1) 18 15 3 %0 X x
9. Pracipitetion . [} L] 3 13 20 I 18 18 . X 3
10. Vistbility 0 s L] 1 10 [ 28 H 10 S0 X
11. Mag. Fleld Declin, [ 5 2 1 . [} 15 ty [ «© X
s 13, Mag. Feld olia. [ s ] 1 [} [} 25 10 [} « X [
5 13. Uag. Fiald ieen. [} s 2 1 0 [ 15 10 5 “ X !
* 14, Grovtty ° s ) 1 ’ [ " 15 s « X :
} Layer ¢ 0 s Layer < Lom ‘J
5 1. Wave Pertod ° q s s ] M H [} I ) 3 " X X X
5 1. Wave Dirwotion [ [ ) [ 1% ] 18 " 1 18 X X X
! 3. Wave Height ° s 5 5 18 [ 1 8 i A1 x X X
4 Tl Fiworuation [} [} 7 3 10 [ 1 18 10 0 X
| 5 Ambteat Light ) ° » 1 t 18 [ " s »
8. Ambisat Noise H ° L] l . 10 ° 18 1 ]
1. Currest Cirection ] [} 8 (] » ) -3 38 8 100 x b § X x
%, Currest fpesd s ] 3 ] 0 1 8 1) 1) 100 x X X x
0. Saltity 3 [ [} [ » 1 ) » 1) 100 x x X
10, Sound Syeed [] 5 . 1 10 [ ™ 0 s »0 a x
1. ] 1 ' 3 10 M s 5 i ] X
12. Water Tomperatare 3 [} s [} »” » " " | 100 3 X x x
13, Prepugstios Lose i ° ’ [ [} 1 [} 10 8 - X
14. Dapth » s 4 ’ 19 1 3 ] *® - 3 x X x
18, Weter Preaeure ° s s ] 1t ° " " " [ 3 %
18, Oxygem s } 1 3 1. [ ) . 1} ” x
11, Carben Diousde ] 1 4 1 ’ 10 s [} . n
10, Phosghatcs 3 1] ' [ v 1. [} . I8 Y
19, Miretee 3 ° 1 ] 1 18 . [ 13 ) |
. pH 3 ° 1 1 . 1 » s 10 ' ;
3. Mariewts ) " 1 ) 1 s ] ) 1 )
1. Planiwes 1] ° 1 3 1] 3 [} [} i “ X
> 1. Chilerephy! 3 ° i ) 13 1% [] " » ”»
M. Blslagionl Orewis ] L} 3 1 1 1 [} 111 19 »
8. Phetsw of Fish 3 ¢ ° ] [] 19 [} [) ° T
8. Acttee fianr . . [ " . ” [ . . » 3 i .l
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TABLE 4-2

PARAMETER AND OBSERVING LAYER RELATIVE VALUES (Continued)

R S - - .

‘l Agenc . aciative Vaiuea for Agency Pavametsr x layer Sum of Parameter god Laver
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V1. Ambient Ly ' I 5 ! ' ] % 1 T ] _T j

i . Agnt {5 [E Kl o i 5 7 15 0 15 5 35 { i
2. Ambaent Noise 2| P i | 3 i i 8 0 0 15 5 ac ! '
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(maximum possible score of su, 1nd also the products of parameter and layer relative
values for each agency and the sum of products for all four agencies (possible maxi-
mum score of 100). In addition, Table 4-2 shows by agencies which parameters were
estimated as '""Must Have to Satisfy Missions" in each lay=r. Clearly, certain param-
eters and certain layers have been judged more important by the agencies. The
distribution of agency '"Musts" is illustrated by Table 4-3 which shows for each layer
the total number of parameters that are a "Musi'' for at least one, two, three, and
four agencies. There is little question that the four agencies consider La;ers 3, 4,
and 5 to be the ones most important for the collection of marine data. Layvers 2 and

7 are next in line, with Layers 1 and 6 last in this crude ranking. *

TABLE 4-3
DISTRIBUTION OF "MUST HAVE" PARAMETERS
Total No. of
Total No. of Parameters that are
Layer Parameters a '""Must" for at least
in Layers 1 o 3 4
. Agency Agencies Agencies Agencies
|
1 11 10
2 12 9 4
3 14 13 8 6 5
4 26 16 10 B 5
5 23 11 6 5 3
6 i8 7
7 23 11 5

*Using Table 4-3 as evidence of the "popularity' of layers could lead to uafortu-
nate consequences. For example, certain data products prepared by ESSA are based
on upper air measurements to at least 100, 000 feet, and ESSA has indicated that
upper a.r measurements are a "must’ in Layer 1. Thus, to provide data for important
ESSA data products, data collection from Layer 1 would be required, even though
Table 4-3 might be construed to suggest that the relative importance of Layer 1 is
small. This difficulty of interpretation could be alleviated by including an addtional
weighting factor for relative worth to the nation of the miassions !nvolved. Of course,
it may be difficult to find an acceptable source for such informstion.
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Considering both layer and parameter weights, the agencies could categorize a
parameter within a layer in u.ae of 10 categories, s shown in Table 4-4. The table
also skows the distribution of the layer-parameter-agency elements of the matrix ot
agency scores in Table 4-2. The data from Table 4-4 are plotted in Fig. 4-1 to show
more clearly the distribution. It is obvious from Fig. 4-1 that all four agencies con-
sidered layers 3, 4, and 5 of prime importance. Tt is also evident that, in to.al,
more parameters (142) were scored "Must” in layers also considered ""Must, " ti.an
any other possible categorization. However, the next highest number of parameters
in layers scored (114) was in the ""Of No Value'' category. This is followed in order
by the categories of "Important" (31) and "Useful™ (59) in Layers scored "Must". Of
the 508 possible scores, 44% are ""Must' or "Important' parameters in '"Must' layers,
and 7.3% are "Must' or "Important' parameters in "Important' layers. Of the total
possible scores, 22.4% are parameters '""Of No Value' to some agency.

Table 4-5 lists 35 parameters defined to be "Must" in a "Must' layer. The
table also shows 20 of these parameters were judged measurable by unmanned data

buoys for ‘his cost effectiveness study.*

4.3 Cost Effectiveness Results

The agency-provided layer and parameter relative importance weightings were
normalized (i.e., the weighting range was converted to 0, 1) and applied to the same
eight piatform capability scores that provided the basis for the cost effectiveness re-
sults in Section 3 (see Appendix A)., Also, reliability, values, costs, platform mixes,
and areal coverages identical to those of Section 3 were used both for DO and CNA
requirements. In addition to the layer and parameter weights provided by the four

agencies, an average** of the weights from the four agencies was computed. Thus,

* As NDBS development plans become firm, it is possible that other parameters
(and other layers) will be included within the buoy's capability. A counservative posi-
tion has been taken in this cost effectiveness study, and only those parameters tor
which a high probability of measurement capabjlity exists have been given ton-zero
scores in the buoy capability matrix (Table A-2).

**Throughout this section, "average' refers to the results obtained using leyer
and parameter weightings that are the averages of the agency provided values. In no
case has the srithmetical average of the 4 agencies' effectivenc«s values been com-
puted or used.
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TABLE 4-4
CATECORIZATION OF PARAMETER AND LAYER WEIGHTS BY FOUR AGLNCIES

-
Number of Parameters Scored by Category ‘
L.aver Category
Laver AT Important Useful o
N Totai
Parameter Category Parameter Category Parameter Category Value }

Must “ Import. Useful Must Import. Usefu' Must Tmport. U seful J

1 10 ! 5 2 7 2 7 2 13 44

i K 3 5 1 6 2 " "

3 32 10 n 8 36

4 39 25 18 22 104

A 20 28 20 1% §2

!

5 7 1 2 4 17 10 J 11 17 72

T 1n 10 & 4 10 24 20 9?2

Total 142 a1 59 7 n 14 7 17 37 114 508
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TABLE 4-5
PARAMETERS RATED "MUST" BY FOUR AGENCIES

I No. of Agencies for which
| ihe Parameter is a '"Must” Judged Measurable by
Parameters
l.ayer Data Buoys
1} 213141516 7
Meteorological
L. Air Temperatur: 1 1} 4 X
2. Atmos. Pressur: 1 - 4 X
3. Cloud Amount 1 2 X
4. Cloud Bases 1 2
5. Cloud Tops 11
6. Dew Point/Humidity { 1 | 1 | 4 X
7. Gravity 1
8. Heigh* 1 213 At
9. Insolation 2 X
10. Mag. Field Declin. 1
11. Mag. Iield Inclin. 1
12. Mag. Field Intensity i
i3. Ozone Content 1
14. Precipitation 2 X
15. Visibility 1
\ 16. Wind Direction Ly 1] 4 X
17. Wind Speed 1 4 X
Oceanographic
15, Active Sonar 1 1 1
19. Bathymetry 1
20, Bottom Composition 1
21. Current Direction 4 3 1 2 X
22. Current Speed 413 1] 2 X
23. Depth 4 14171 2 Xes=
24. Oxygen 1 1
25, Plankton 1 1
26. Propagation Loss 1
£7. Salinity 4+ | 4 1 2 X
28. Sound Speed 211 1 H X
29. Tidal Fluctuation 1 i
30. Transparency 1 1 X
Ji. Water Pressure 2] 2 1 1 X
32. Water Temperature 4] 4 1 2 X
33. Wave Direction 3 X
34. Wave Height 3 X
] 35. Wave Period 3 X
*Obtained {from atmospheric pressure measurement
**Obtained from water pressure measurement
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comparative results were prepared for six sets of parameter and layer weights:
those weighrs used in Section 3; those from four szencies; and the average of the
four agencies, *

Tre net result of the comparative effectiveuess calculations for the eight plat-~
forms i3 given in Table 4-6 and is graphically summarized in Fig. 4-2 for Deep
Ocean vequiremenis, and in Fig. 4-3 for Cegstal North America requirements, In
preparing the table and (hewe two figures, areal coverage has been assumed to be
100% for all plaiforms. Table 4-& also includes effectiveness values for the mixes nf
platiorms constituting part of the analysis in Section 3. The followiag corclusions

can be drawn from Fig. 4-2 and 4-3.

¢ Use of the average of agency weighte of parameters and layers pro-
duces calcidated effectiveness values thal are increased or essentially un-
changed with respect to Section 3 values for buoys, manned buoys, and ocean-
ographic vessels. The {ncrease in calculated effectiveness, comparing average

weight data with Hection 3 velues, is

increase .. Effectiveness
Platform
DO CNA
Buoys 24% 20%
Manned Buoys 6.3% v
Cceanographic Vessels 5.7% ]

The spread of agency results around the average is less than 1.4% for both
manned bueys and oceanngraphic vessels. The spread about the average is as

much as 21% (for BCF weaghts) for buoys.

.

*The computer program developes to handle tiie large number of calculations
involved will easily accept any cther combirations of parameters, layers, capabilities
and relative importance weighis,
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TABLE 4-6
SYSTE:4{ EFFECTIVENESS

A. Effectiveness for Deep Ocean Requirements

l Platform | Effectivenessl
Bt l BCF | ESSA | USN | USCG | Avg. Weight | Sec. 3 Values
2. P aoft of Onpor 0.0 0.108 | 0.124 | 0.048 0.077 0.082
Hor Socund Bal | 0.0 0.096 | 0.091 | 0.052 0.066 0.076
Satellites 65,082 ! 0,152 | 0.164 | 0.112 0.131 0.125
Recon Acft 0.G67 | 0.222 | 0.258 | 0.141 0.180 0.178
! Buoy 0.685 | 0.517 ; 0,511 | 0.589 0.565 0.455
Ship of Oppor 8,537 | 0.629 | 6.729 { 0.619 0.635 0.619
Ocean Vessel 0,599  0.887 | 0.907 | 0.905 0.899 0.848
: Marned Ruoy 0.212 | 0.895 { 0.8i3 | 9.914 0.907 0. 850
Platform Mixes
Bucys, HSB 0.655 | 0,613 | 0.602 | 0.641 0.631 0.530
: Buoys, Sats 5.685 | 0.613 | 0.588 | 0.528 0.626 0.531
| Buoys, SCO 0.837 1 0.873 | o.864 1 0,837 0. 867 0. 531
Sats, SOG 0.537 | G.6%% { G.729 | 0.619 0.635 0.619
Sats, GSV 0,899 | 0.887 | 0.997 { 0,005 0.899 0. 848
) Sate, AQC 0.082 | 9.213 | 0,285 | €125 0.174 0.170
Sats, Recon Acft 10,129 1 0.276 | 0.318 | 0.193 0,237 0.223
| M. Buoys, Ssts 16,912 | 0.89%3 | 0.913 | 0.914 0. 907 0.853
. Buoys, 3ate, SOC{0.837 | 0.873 | 0.89%4 | 0.857 0. 867 0. 804
Buoys, Sats, RA 0.698 [ 0.717 | 0.727 | ¢.880 0. 703 0.615
| Bucys, Sats, ADOJ0.685 | 0.673 | 0.668 | 0.548 3. 668 0.576 Lo

B. Effectiveness for Cugatal North America Requirements

Platform
Acft of Oppor 6.0 0.065 1 0.087 1 0.039 0.0861 0.071
Hor Sound Bal 0.0 g.120 | 0,115 § 0.056 0. 080 0.105
Satellites 0.082 G.145 0,164 0.111 9,129 0. 1538
Recon Acit 0. 067 0.212 0. 240 0,136 0.171 0. 180
Buoy 0.685 0.524 0,018 0.59%0 0.5645 0.475
Ship of Oppor 0.537 | 0.646 | 0.736 | 0.619 0,642 0.681 i
QOcean Vessel 0.899 | 0.904 § 0,914 | 0,905 0. 306 0.910
Manned Duoy $.912 0.912 Ja. 918 0.914 0.914 0. 9156

e

Platforrm Mixes

Buoys, HSB 0,685 | 0.644 | 0.633 | 0.646 0,646 0.580 ;,
) Buoys, Luts 6.685 | 0,606 | 0.539 | 0.627 0.624 ¢.550

Buoys, SO0 0.837 | 0.800 | 0.901 | 0,857 0.874 0. 867

Bats, SO0 0.537 | 0.646 | 0.736 | 0.619 0.642 0. 681

Sate. HA 0.129 | 0.261 | #.301 | 0.188 0.226 0. 228

Sats, ADO | 0.082 | 0.197 | 4.207 | 0,129 0.160 6.170 }

i3

1. 100% aread coversge used to illustrate maximum poszible effectiveness. The scores
showr here are valid only if platfcrms can be deployed in sufficient numbers to
achieve 100% arcal coverage.

L R R i R
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Notes:

1} Solid bars are for average of agency weights
2) x = Effectiveness from Section 2

3) A= BCF
4) V= ESSA
5) o= USN
6) o= USCG

7) 100% areal coverage used to illustrate maximum
possible effectiveness
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Fig. 4-2. Platform Effectiveness for Deep Ocean Requirements
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Notes:

1) Solid bars are for average of agency weights
2) X = Effectiveness from Section >

3) A= BCF
4) v - ESSA
5) @= USN
6) - USCG

7) 100% areal coverage used to illustrate maximem
possible effectiveness
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Fig. 4-3. Platform Effectiveness for Coastal North America Requirements
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o For the remaining tive platforms, comparison of average weight

effectiveness and Section 3 values gives:

Platform Change in Effectiveness
DO CNA
Acft of Oppor -7.2% -14%
Hor Sound Bal -13. 0% -24%
Satellites 4. 8% - 3%
Recon Acft 0 - 5%
Ships of Oppor 2. 6% -5. 1%

In the majority of instances, it is apparent that use of agency-weighted param-
eters and layers results in a slight reduction in effectiveness of the above five

platforms.

Using the cusis noted in Section 3, and following the same computational proce-
dures that gave rise to Figs. 3-1 and 3-11, cost effectiveness ratios have been com-
puted for both systems of single platforms and systems of platform mixes, configures
to satisfy Deep Oc~an or Coastal North America operation data requirements. A
graphical presentation ¢f DO results is shown in Fig. 1-4; similar CNA results are
given in Fig. 4-5.

In Figs. 4-4 and 4-5, the Section 3 results from Figs. 3-1 and 3-11 are denoted
by "X's'. Both DO and CNA results indicate clesrly that laver and parameter weighting
by agencies has produced better cost-effectiveness ratios for unmanned data buoys.

In the case of systems of horizontal sounding balioons, satellites, or 100 ships of
opportunity, the cost effectiveness ratio results are mixed -- better for some agency
weights, poorer for others. However, when any one of these three platforms is paired
with unmanned data buoys the resulting cost etiectiveness ratio of the mix is a marked
improvement over that of balloons, satellites, or ships of opportunity, and a reasonable
improvement in mix effectiveness (about 20'% in some cases, as evident from Table
4-6), compared to buoys. Of course, the total cost of the mixed systems is of the
order of 75-100% greater inan that of buoys alone, so the cost effectiveness ratios for

the three mixes are always greater than that of unmanned buoys alone.
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For Deep Ocean requirement "today's" mix of platforms (Mix 4) has a cost-

effectiveness ratio of the order of $3.5-4.0 x 109. Adding satellites and aircraft
9
of opportunity shifts the cost effectiveness into the range $2.6-3.8 x 10~ (Mix 5).

© o — S

Adding 137 or 127 unmanned buoys and 0 or 10 manned buoys, respectively, brings

b

’ the cost effectiveness ratio down to about $1.6 x 109, in the vicinity of a system-mix - ‘ ‘

| effectiver. 'ss of 0.68 to 0.77 and an implementation-plus~10-year-cost of approximately i
$1.1x 10g (Mix 6 and 7). In general, when compared to comparable Section 3 values, :
use of agency-provided parameter and layer weights in Mixes 6 and 7 has resulted in i
a reduction of approximately 18% in cost effectiveness ratic and an improvement in e ’
calculated mix effectiveness of 8 to 22%. The pattern of change is much the same for f
mixes of platforms used to meet Coastal North America requirements, as evident |
from Fig. 4-5. Plots of cost-effectiveness ratios for each set of agency-provided ‘
parameter and layer weigl.s, the average weights across the four agencies, and the l N

Section 3 data are presented for convenience on separate graphs in Appendix D.

4.4 Summary

The use of agency-provided parameter and layer weights afforded no new major
conclusions. While changes in effectiveness could be noted, there were no drastic
shifts or juxtapositioning of cost effectiveness of systems. The fact that many single-
platform systems and systems comprised of mixes of platforms showed greater calcu-
iated effectiveness, and hence lower cost eucctiveness ratios, indicates that in many
cases the investigated systems were more closely satisfy... an agency's requirements
than had been evident, based on the results in Section 3. Ii is clear that even greater

effort should be made to collect and refine agency estimates of parameter and layer

il weights.
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5.0 CONCLUSIONS

The conclusions that can be drawn from the analyses performed for this essay
must be tempered by the fact that only a limited number of options were investigated
in analyzing certain mixes of observing platforms. The results obtained are bascd
upon a cross-section of alternative mixes that are considered to be representative
projections, Of course, other potential platform mixes ~ould be spacified and the
results might lead to additional conclusions. The results are valid only to the degree
that the assumptions and rationales are valid. In some instances where the assump-
tions were considered to be of critical importance, the analysis included alternatives
to test the sensitivity of results to variation of the assumptions.

With the above considerations in mind, there are a number of conclusions that

have been produced by this study. These are listed below:

{1) A system comprised solely of unmanned buoys {8 potentially capable
of providing a high percentage of the observaticns required by several major
agencies in both the Deep Ocean areas and the Coastal North America ocean
area, This {8 particularly ti ue for ocean-atinusphere interface and ocean
layers {Layers 3, 4, 5 and 6).

(2) The cost of providing the above data {8 relatively low for a system of
unmaanned baoys, when compared with any system comprising other platform
tyres. Buoys are the most cost effective platform type when all parameters and
all layers are jointly considered.

(3) An unmanned Fuoy system {(as viewed in this essay) ig inefiective in
providing data for the atmosphere above the ccean-atmosphere interface laser
{(Layers i and 2).

{4} Setellites, aircrali of opportunity, sid horizontal sounding balloons
can be used as complementary platfori. *vpes to provide observational data for
the atmosphere with essentially no redundancy Letween the buoy system and the
non-buoy system cmiloyed.

(5) Ships of opportunity -an be used to complement buoys by providiag
observational dats for the a*mosphere and they alze provide an ocean obrerva-

tion capability that complemenis, o some degree, that of the humys,
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(6)  Any non-buov platform that provides a c-nability for meas  ‘ing
atmospheric parameters above the ocean-atmosphere interface when combined
with buoys will improve the overall system ¢ {ffectiveness, but those non-buoy
platforms investigated will be relatively expensive and will, therefore, cause
an increase in the combined system cost effectiveness ratio.

()  The design of a buoy system as a part of a total national marine data
acquisition system is sensitive only to a very small degree to the existence of
other platform types. Combining a buoy system with such complementary plat-
farms as satellites or reconnaissance aircraft or horizontal sounding balloons
or ships of opportunity produces a system with little redundancy of capabilities.
Combining a buoy system with platforms such as oceanographic vessels or
mannad buoys would result in both highly complementary and highly recundant
capabilities, if the buoys and non-buoys were collocated. However, these plat-
forms can be controlled a& to placement and would not be collocated with buoys
in an effective mixed system. Because manned buoys and oceanographic vessels
are each quite expensive to implement and operate, thev are significantly less
cost effective than buoys and would probably b. used sparingly where their out-
standing capabilities are ot exceptional value to the composite of operational
requirements

(8)  Using the cost effectiveness model of this study, the reallocation of
funds from un.aanned buoys to any other platform type will result in a lower
averall system performance. However, it is clesr that the introduction of
relative values o1 parameters. vertical layers, and geographic regions could
modify this conclusion.

(9)  The use of ageney-provided parameter and layer weights results in
increases in calculated effectiveness »f unmanned dats buoys {(an 18- 407 in-~
crease, depeniding on the agancy). Manned buoys and oceanographic vessels
showed smaller increases in effectivenesy, The remaining five pistforms hed
both incresses snd decreases in calculated etiectiveness, depending on the

agency providing the parameter a:d layer welghts.
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5.0

RECOMMENDATIONS

The following recommendations are made:

(1¥  Planning for a Nationa! Data Buoy System should be carried forward,
considering the NDBS to be a major component of any future nztional marine
data acquisition system.

(2) Studies should be undertaken under the appropriate government or-
ganization to determirne the best composite national marine data acquisition sys-
tem, Numbers and types of platforms that will be components of the overall
system, and wili complement the buoy system capability, should be specified zfter
further cost effectiveness studies are completed.

(3) The co.t effectiveness analysis should be extended to consider vari-
able density networks, relative value weightings of parameters, parameter char-
acteristics, vertical layers and specific geographical areas.

(4) The role of the NDBS in meeting the user requirements for research
in all ocean areas and for operational purposes in the U.S. estuaries and Great
Lakes should be specified or the basis of the refined dats requirements for these
uses, The DO and CNA operational dats buoy systems can serve to meet some
of the rerearch requirements, but further planning is required to extend this
gervice.

(5} The redesigned ang automated cost efiectiveness mo'el should be used
to facilitate studies whereir relative value weightings of parameiers, parameter
characieristics, vertical layers, and specific geographicai areas can be con-
sidered along with variable density networks in & non-lincar fremework. This
in suggested because the valus of environmental data is geperaily not a linrar or
step function of grid mesh, verticsal spacing ur other characteristics of the obser-
vations, Since the relationship of value of the dsta to these fact .rs {s not known,
it is desirable .o consider the cost effectiveneas of systems for 3 wnole family of

relative value curves.




() A study should be performsad using the automated cost zffectiveness
model and oniy those parameters required to achieve selected benefits, rather
than a cormnposite set of parameter requirements for which data end-product uses
rre not thuroughly understood. This modification in the measure of effectiveness
would make the cost effectiveness results more anenabie for uce in determining
the be: ~fit-to-cest ratio for selected deploymert of buoys and mixes of buoys and

other platiorms.
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APPENDIX A
PLATFORM CAPABILITY MATRICES AND
SCORING RATIONALES FOR SENSITIVITY ANALYSIS
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The rationales used in arriving at {ive -year state-of-the-art capability scores
are explained here on a parameter-by-parameter basis. Aithough the sensitivity
analysis was carried out considering the DO and CNA operativnal user requirements
separated into six layers in the vertical, the parameters are listed here in aipha-
betical order with no subdivision into layers. Following the explanation of the assumed
methods of measurement, Tables A-1 through A-8 contain the scores as determined

for each of the six layers for each platform type.




CHARSACTERISTICS

TABLE A-1
AIRCRAFT OF OPPORTUNITY CAPABILITY MATRTX
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TABLE A-2
BUOY CAPABILITY MATRIX
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TABLE A-3
ING BALLOON CAPABILITY MATRIX

HORIZONTAL SOUND

CHARACTFRISTION

—

«
!
| 24005 (M0} BOUIUY yHON [Me¥C)
i
Tw

20K (€30 ] ukad) daa(]

AU BINIUWRIR UBIN) daa]

—_— - .

!

v

ELRRT TT RV SRy

BIBU2Z IO UL A

B HOAUIGA Y

BOGAIN U UG IRRIUOIYIUAY

POIAIG UL LCIIEIUT] U AT MDY

VOEINDIY KIIEIRTE AN SN qy

A WUl BU LBy MO0 ]

ALBUAY] BUuliduugy 1RSI e

U edngg

FESY BANL 1IN E XY

ﬂ
|

Parametera

+

_eme

Atmoa Flec
Air Tem,

e

Air Prese

4

1

[

H
t

A

&

T
+

Wind Direction
Wind Spsed
Dew Tolni

Cloud Base

-

e

.

Cloud Amount

Atr Temp

—

WalhTTey

Alr Press

Wind Direction

!
!

lor Crystal Rice
Water Temp

Weve Direction

e

e e

T Eicrent Birection
Water Pressure

Curvent Speed

bl A

Ambient Light

B A Pk S

fnicfer= = sieie .
AT S S S,
= o s

'
}

B e e S S

nTwy. PR

)
&
o

)
0

“ i3
2l g
_m:\n o
Hht a5
HiaE £
Ldd 2y

A-6




4

TABLE A

PABILITY MATRIX

ED BUOY CA

MANN

RACTE RISTIOS

CHAF

rdody

0N IRIG ] UBN ) daa(]
Mk ) B F L LIy UKD ) daadg)
e ] 0iB9 WEUBD |

- -
VU Z LEO | Ut

TR IUOLYOUA Y
JEAAA U1 UUNRZIUGIYIUAY
18I0 U UCQEX] [ AJRINODY

1IRINISY UCIIBOO] 4 TX #njosqy

AHSUIUL Buowey aodusa g

Ajuau Buidiuey [MOGAIA I

usLRaR]

ASEERDI Y

Parameters

i

R

j

Air Temp

Layer

o e

A g

I it

]l f b | | of el = Llul,lwl,,l%lml,iml ,llmu:xwl i
A R B S

11“1,10!‘.110 lﬁlhl,l_l_l l,l.l.,.l;,l;O....Ml ,l”
Pttt et S e e e aa o o ¢ —
s 3 Wi Cogkf le
| me_ E o3 m 2 m .mm P M.ﬁz Y w m M
v - % ] i
o ¥ 8]z & & <3y 1 % ; 2t H- g b |
HE mm. mmmm mw_.m pleld cie mmm. % mm ieef 3
pE WMXMT DHBRHEEE HEHEEHEIE L i
%55 |&(c|&|S[c!S|2 wwﬁxﬂno H 5} Wm i HA £z 2|
L SNSENEN FENEEEEENENEEEE L]
j
- o - . . - j
|




B

CHARACTERISTICS

-5

A
SSEL CAPABILITY MATRIX

ABL®

OCEANOGRAPHIC VI

i

™

|
-

I
%

[

m
“vi
ﬁ

T

S SRl

$100% |0 WO 1MUY YMON [MeR0)

100G (AW ] U dea]

19
19
Y
3

19
15
L]
14
19
3

v} wiewjurams )
msgﬁbz:.i»:ldgim

TRRdss U1 UD NI Mook
_nvﬁu>c_gng~.o>ot§<

frEmay wowo) § x i jonqy

Ansany Rudweg siodwag

-

Arsunu Bundes (Opues
uoIRIng]
EC:UM(
AME] (BIMaA

Parameters

—

,.p@o.qo_,axs*A

D P PR O ) O

0

+

[ ds ]

oud T

Wind Dtrection
Iow Ciytal 811
Watar Pressure

wind Direction
Atmos Elec
Atr Temp
Alr Press
Dew Potnt
Closst Amaunt
Tnsolation
Air Press
Wind Direction .
" Bclogioal F

b

¥ind Speed

.
—t

b—

*

I Layor

r




-

»

TABLE A~
RECONNAISSANCE AIRCRAFT CAPABILITY MATRIX
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TABLEF A-%
SATELLITE CAPABILITY MATRINX
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SHIP OF OPPORTUNITY CAPABILITY MATRIX
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PARAMETER: AIR TEMPERATURE

PLATFORM

Aircrait of Opportunity:

Horizonta! Sounding Balioon:

Manned Buoy:

(Oceanographic Vessel:

Reconnaissance Aircraft:

Satellite:

ship of Opportunity

Can measure only at flight level with a platinum
wire - iistor that is part of a bridge network.

Can measure only ai the surface with a piatinum
resistance thermometer or 8 thermistor.

Can measure only ~t level it is {loating in, witn a
rod or bead thermistoi. It is planned to float bal-
loons at six levels for the purpose of this analysis.

Can have capability o1 launching rawinsonde and
obiain measurements at all standard aud significant
levels.

Same as Manned Buoy

Assumino 2ircraft can reach a1 least 67, 000 reet
altitud ver a point, measurements can be made
at 13 leveis by use of a dropsonde, eliminating
standzrd levels from 30.ab to 10ml.

Future capability (within 5 years) will be measure-
ment both in cleas and cioud covered regions using
infrared measuring svsteras. Although present
capability in clear regions only for 20 levels -
otherwisethe top of the clouds. It will not meet tle
absolute location accuracy requirement in the
vertical because temperatures will be a mean for a
layer not at a level.

Can have capability of Jaunching rawinsorde and

obtain measurements at all standard and significant
levels.
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PARAM

ETER: AMBIENT LIGHT

PLATFORM

Aircraft of Opportunity .

Buo!:

Horizontal Sounding Balloon:

Manned Buoy:

Oceanographic Vessel:

Reconnaissance Aircraft:

Satellite:

Ship of Opportunity:

No ocean layer observing capability.

Can he meas.ured at required leveis using photocells
wmounted wi the mooring line. Th= primary problem
will be biclogical fouling of the wing w with ture.

No ocean layer observing capability,

Can be measured at the required levels by lowering
a calibrated photocell on a cavle.

Sam: method a= the Maned Buoy,
No capable of measuring this parameter.
Not capable of measuring this parameter.

Can tow a photocell behind the ship to depth of about
300 feet.




PARAMETER: AMBIENT NOISE

PLATFORM

Aircrait of Opportunity:

Buoy:

Horizonta! Sounding Balloon:

Manned Buoy:

Oceanographic Vesse}:

Reconnaissance Alrcrait:

Satellite:

Ship of Opportunity:

W' R A TERTO oA SR I-
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No ocean layer observing capability.

Can be measured at all required levels vsing cali-
brated hydrophones at each level on the mooring
line. Appropriate filters and amplifiers are npeces-
sary to provide the measurement over the desired
frequency band. Mocoring line noise is a problem

at the lower end of the {requency range.

No ocean layer observing capability.

A calibrared hydrophoue can be lowered to measurs
the ambient nocise over given frequency bhands. A
problem here is the noise generated within the
manneG uoy.

Same method as the manped buoy but higher noise
level of the vessel creates sven nore problems
tnan the manned buoy.

No capabidity to measure this parameter.

No capability to measuve this parameter.

Ship noise and motion prevent a useful measurement
af this parameter.




PARAMETER: ATMOSPHERIC ELECTRICITY

PLATFORM

Aircraft of Opportunity:

Horizontal Sounding Balloon:

Wanned Buoy:

Oceanographic Vessel:

Reconnaissance Aircraft:

Satellite:

Ship of Opportunity:

Can measure only at ievel at which it is flying by an
antenna on the alrcraft and an impedance voitage
measuring circuit.

Can measure at the surface on.y with a one- or two-
m~ter whip antenna with a radioactive button located
on the tip as a pick up device. The voltage is
measured between this 2ntenna and ground by a high
impedance voltage measuring circuit whose output
can be digitized and transmitted.

Cannot measure this parameter,

Can measure at the surface only by same technique
as buoy.

Can measure at the surface only by same technique
as buoy.

Over a point, .»is parameter can be measured at
flight level oniy by same technique ag aircraft of
opportunity.

Not capable of measuring in vertical layer required.

Can measure at the surface only by same technique
as on buoy.




PARAMETER: ATMOSPHERIC PRESSURE

PLATFORM

Aircraft of Opportunity:

Buoy :

Horizontal Sounding Bailoon:

Manned Buoy:

Qceanographic Vessel:

Reconnaissance Aircraft:

Satellite:

Ship of Opportunity:

v e, e S

Can measure only at level at which it is flying by a
bellows mechanically linked to a potentiometer.

Can measure only at the surface by an anerosid or
strain gage instrument.

Can measure only at level it is floating by diaphram
gages (an ~neroid baroswitch in pan.. “ar). The
plan is to have balloons floating at 6 leveis.

Can have capability of launching rawinsonde and
obtain measurements at all standard and significant
levels.

Same as Manned Buay.

Over a point can be measured at ~ 13 ievels using
a dropsonde.

Does not have capability tor measuring this
parameter.

Can have capability of launching rawinsonde and
obtain measurements at all standard and significant
levels.
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PARAMETER: BIOLOGICAL PARAMETERS

This includes a group of parameters for which we have ili-defined statements of
requirements. These parameters are present'y determined by taking water samples

and analyzing them in a laboratory.

PLATFORM

Aircraft of Opportunity: No ocean laycr observing capability.

Buoy: Not capable of measuring this general set of
parameters.

Horizontal Sounding Balloon: No ocean layer observing capability.

Manned Buoy: Ce» obtain water samples at desired levels using
Nansen botties and analyze the coutents on board.
Cannot meet the requirement for synchronization
in the verticai.

Oceanographic Vessei: Same as Manned Buoy.

Reconnaissance Aircraft: No capability for this parameter.

Sateilite: No capability for this parameter.

Ship of Cpportunity: Considered capab.. of taking water samples to a

depth of 100 meters. Laboratory analysis capa-
bility is required on board.




PARAMETERS:

CLOUD BASE AND CLOUD TOP

PLATFORM

Aircraft of Opportunity:

Buoy:

Horizontal Sounding Balloon:

Manned Buoy:

(Oceanographic Vessel:

Reconnaissance Aircraft:

Satellite:

Ship of Opportunity:

;1

Visual capability as good as or better than surface
observer.

No capability for measuring.
No measurement capability.

Visual ohservation and rawinsonde temperature -
dew point spreads.

Same as Manned Buoy.
Visual observation.

Capable of measuring cloud tops - but not cloud
bases.

Visual observation and temperature - dew point
spreads from rawinsonde information.

A o .
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PARAMLETER: CURRENT DIRECTION

—",':";~' Ly .

PLATFORM

Aircraft of Opportunity- No occan layer observing capability.

Buny: Can measure at required levels using a current
meter with a vane which orients itself with the flow
of water past the instrument. The vane nosition is
ma: aetically coupled through an aluminum pressure
housing and compared with an internal magnetic
compass.

Horizontal “ounding Ball.on: No ocean layer observing capability.

Manned Bu y: A current mzter similar to the buoy's can be SR
- B ;owered on a cabie to determine current direction. s
The meter inust be stoppe at each level required N
for a period of time long enough to make a repre- <
sentative measuremen’ . The synchronization SR
requirement in the vertical cannot be met in this h
manner.,

uceanographic Vessal: similar to Manned Buoy ¢ xcept the motion of the
ship will preclude meeting the avcursacy requir. aient.

Reconnaissanc~ Aircraft: No capability for measuring this par. meter.

Satellite: No .apahility for measuring this parameter.

Ship of Opportunity: The movement of the ship preciudes nieasurement | ..
of this parameter within the range and accuracy e
requirements at any of the required levels. ’ '

!
i
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PARAMETER: CURRENT SPEED

PLATFORM

Aircraft of Opportunity: No ocean layer observing capability.

Buoy: Can be measured by mcunting current meters
employing Savonius rotors at each level. the rotor
turns atre counted by magnetically coupling the rota-
tior through the «luminum pressure case which
creates a4 magnetic impulse or a switch closure.

Horizontal Sounding Balloon: No «cean layer obsering capability.

Manned Buoy. A current rete » siv ular 1o the buoy's can be
lowered on 1 ¢sble and stepped at required level.
long enough t& me o 2 representative observasion.
The synchror .2 n requirement ia the verteal
cannot be met! .. al manner.

Oceancgraphic Vessel: Similar to Manned wuoy except the motion of the
ship will preclude meeting the accuracy requiiement.

Reconnaissance Aircraft: No capability for measuring this parameter

Satellite: No capability for measuring this parameier.

Ship of Opporiunity: The riovement of the o .iip precludes measuremein

of this parameter within the range and accuiacy
requirements at any of the required levels.

A-20
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PARAMETER: COSMIC RADIATION

PLATFORM

Aircraft of Opportusity:

Buoy:

Horizontal Sounding Balloon:

Manned Buouy:

Oceanographic Vessel:

Reconnaissance Aircraft:

Satellite:

ship of Opportunity:

No measurement capability.
No measurement capauility.
No measurement capability.
~No measuremer capability.
No measurement capability.

Can measure it at flight levels with a cosmic
radiometer.

No measurement capability.

NO measurement capabi’ity.

s
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PLATFORM

Alrcrait of Opportuaity:

Buoy:

Horizontal Sounding Balloon:

PARAMETFER: DEW POINT

Manaoed Broy:

(ceanographic Vessel:

Reo cnnaissance Aidreraft:

Satellite.

Ship of Opportunity.

Can measur> only at tlight level with a carbon
coated resistor.

Can measure only at surface using a device cz_able
of producing a thermal electric or Peltier cuoling
effect to cool a stainless steel mirror to the dew
point (saturation temperature).

Can measure ii only at level it is {loating using a
dew point hygrometev - pian is vo fly balloons at
n levels for purposes of this senrsitlvity essay.

Can have capability of launciung rawinsonde and
obtain measurements at all standard a~d significant
levols with a hygrometer.

Same as Manned Buoy.

Assuming aircraft can reach 67, 000 feet altitude
(50mb) cver a point, we estlmate this parameter
can be measured using a dropsonde package con-
taining a hgromeiet at ~13 levels @himinating
levels from 30 mb to 1¢mb, and some sigmficant
levels).

Future (o year) capability to measure it at all levels
1n cloud free regions through use of a radiometer or
spectrometer but himited to cloud top in cioud

covered reglons

Same as Manned Buoy and Oceanographie Vessel

A-22
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PARAMETER: ICE CRYSTAL SIZE

PLATFORM
Alrcraft of Upportunily: No measurement capability.
o
Buvy: No measurement capability. :
2Evy ‘ & ) 3
b
Horizontal Sounding Balloon: No measurement capability. J
Manned Buoy: No measurement capability. . B
| . ‘ ed
(X} anographic Vessel: NO measurement capabiliiy.
Reconnaissance Alrcraft: QOver a point, can measure it only at fligh, level 1
using 1 cold box. 4
satellite: No messurement capability. :
ship of Opportunity No measurement capability. E
s )

i

i

1
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PARAMETER: INSOLATION

PLATFORM

Aircraft of Opporcunity:

Buoy:

Herizontal Soundigg Balloon:

Manned Bugy:

Oceanographic Vessel:

Reconnaissance Aircraft:

Satellite:

Ship of Opportunity:

Not capable of measuring this parameter.

A pyrheliometer can be mounted on the buoy to
meet this requirement.

No surface layer vbserving capability.
Same as the buoy.
Same as the buoy,

Not capable of measuring this parameter at the
surface.

The ability to infer the insolation at the surface of
the earth from & satellite is not considered of suf~
ficient accuracy to make this a meaningful obser-
vation in view of the requirement.

Same as the buoy.
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PLATFORM

. Aircraft of Opportunity:

Buoy:

Horizontal Somdi% Balloon:

Manned Buoy:

Reconngissance Aircraft:

Oceanographic Vessel:

§-abellite:

Ship of Opportunity:

PARAMETER: QZONE

No measurement capability.
Nc ueasurement capability.

Possible to have ozonesonde on balloon and measure
at 4 levels, 100mb, 50mb, 30 mb and 10 mb.

Feasible to attach ozonesonde to rawinsonde balloon
package and measure it at 13 levels (every 5000

feet from 40,000 to 100, .0 feet).

Can be measured at flight levels with a spectrometer.

Same as Manned Buoy.

Capable of measuring at all required levels using
a spectrophotometer and an ultraviolet back scatter

technique.

Same as Maonned Buoy.




PARAMETER: PRECIPITATION RATE

PLATFORM

Alrcraft of Opportunity:

Buoz :

Horizontal Sounding Balloon:

Manned Buoy:

Oceanographic Vessel:

Reconnaissance Aircraft:

Sateallite:

Ship of Opportunity:

Not capable of measuring this parameter.

Determined from sequential automated readings of
a precipitation gauge.

Not capable of measuring this parameter.

Determined from sequential manual readings of a
precipitation gauge.

Same as Manned Buoy.
Not capable of measuring this parameter.
Not capable of measuring this parameter.

Same as Manned Buoy.

A 26




PARAMETER: REFRACTIVE INDEX

PLATFYRM

Aircraft of Opportunity:

Buoy:

Horizontal Sounding Balloon:

Manned Buoy:

Oceanographic Vessel:

Reconnaissance Aircraft:

"atellite:

Ship of Opportunity:

Can be computed for flight level only.
Can be computed for surface only.

Can be computed at 6 levels it is planned for
balloons to fly.

Can be computed from rawinsonde information.
Same as Manned Buoy.

Can be computed at the i3 levels where measure -
ments of temperature and dew point are made.

Temperature not measured at a level but within a
layer - no capability for pressure measurement,

hence no refractive index csan be computed.

Can be computed from rawinsonde information.




PARAMETER: SALINITY

This parameter is calculated from measurement of condurtivity, temperature

and pressure. Temperature and pressure iaeasurements are ~equired for cther pur-

poses, therefore, the conductivity measurement is che only necessary parameter to be

measured specifically for salinity determinatic..

PLATFORM

Aircraft of Opportunity: No ocean lay~r ohserving capability.

Buoy: Can be determined for required levels by sensing

T conductivity with two toroidal-wound coils electro-
magnetically coupled by the sea water surrounding
wem, sensing texaperature with a platinum vesist-
ance thermometer, and sensing vressure with a
strain gauge. Salinity is computed from kacwn
relationships.

Horizontal Sounding Balloon: No ocean layer observing capability. :

Manned Buoy: A sensor package similar to that used on a huov can
be lowered to determine salinity at required levels.
The rate of lowering is limited to s 600 ft/min. sc
synchronization requireiments in the vertical cannot
be met.

Oceanographic Vessel. Same as Manned Buoy.

Reconnaissance Aircraft: No capability for observing this parameter.

Satellite: No capability for observing this para.:eter.

Ship of Opportunity: Same as Manned Buoy method but limited to about

100 metor depth {first 7 LAPSO levelas).

A-28




PARAMETER: SEA STATE

PLATFORM

Aircraft of Opportunity: Can be visually estimated. Accuracy requirement
cannot be met.

Buoy: Can be determined from wave height and wind
observations.

Horizontal Sounding Balloon: Not capable of measuring this parameter,

Manned Buoy: Can be visually estimated.

Oceanographic Vessel: Can be visually estimated.

Reconnaissance Aircraft: Can he visually estimated. Accuracy requirement
ca” * be met.

Satellite: Can be determined using a radar scatteromete r

operating near vertical incidence at a wave length i
of the order of & meter.

Ship of Opportunity: Can be visually _stimated.




PARAMETER: SOUND SPEED

PLATFORM
Aircraft of Opport.iity: No ocean layer observing capability. -
Buoy: Sound speed can be determined from the salinity,
temperature and pressure values using Wilson's
equations or by instrumenting the mooring line with
sound velocimeters.
Horizontal Sounding Balloon: No ocean layer observing capability.
Manned Bucy: A sound velocimeter can be lowered from the buoy
to the required leveis. The vertical synchroniza-
tion requirement cannot be met.
Oceanographic Vessel: Same as the Manned Buoy.
Reconnaissance Aircraft. No capability for measuring this parameter.
Satellite: No capability for measuring this parameter. )
Ship of Opportunity: A sound velocimeter can be towed to a depth of

about 100 meters (7 [APSO levels). Zero scores .
are given for the vertical layer limitation and the

inability to meet the vertical synchronization

roquirements.

A-30
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PARAMETER: TOTAL CLOUD AMOUNT

PLATFORM

Aircraft of Opportunity:

Horizontal Sounding Balloon:

Manned Buoy:
Oceancgraphic Vessel:

Reconnaiasance Aircraft:

Satellite:

Ship of Opportunity:

Visual capability as good as or better than surface
observer.

Can determine cloud cover with 180° camera
equipped with an infrared sensing device.

No observing capability.
Visual observation.
Visual observation.
Visual cbservation.

Camers observation transmitted to ground
receiveras.

Visual obse ~vation.
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PARAMETER: TIDAL FLUCT"ATION

PLATFORM

Aircraft of Opportunity:

Horizontal Sounuing Balloon:

Manned Buoy:

Oceanographic Vessel:

Reconnsaissance Aircraft:

Satellite:

Ship of Cpporiunity:

’
|
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Not capable of measuring this parameter.

A measurement may be made using a bottom-
mounted pressure sensor. Hcwe er, the best
sensors available have about a 0. 1 % absolute
accuracy. This means that the Coastal North
American requireme:.ts of 0.1 foot accuracy

cannot be met in waicr depths greater tnan 100 feet.

The requirements for Deep Ocean tides are stated
as 10% accuracy with range unknown. Deep ocean
tides are apt to be of the order of a foot of varia-
tion and therefore the suggested instrumentation is
not useful in depths greater than 100 feet. A meas-
urement of lesser accurscy is considered to be of
little or no value and a zero capability is given to
the buoy.

Nou capable of mersuring this parameter
Not capable of measuring this parameter.
Not capable of measuring this parameter.
Not capable of measuring this parameter.
Not capable of measuring thi. parameter.

Not capable of measuring this parameter.

e
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PARAMETER: TRANSPAREMNCY

PLATFORM

Aircraft of Opportunity:

Buoy:

Horizontai Sounding Balloon:

Manned Buoy:

Oceanogrephic Vessel:

Reconnaissance Aircraft:

Satellite:

Ship of Opportunity:

No ocean layer observing capability.

A photocell and a light source can be attached to the
mooring line at the two required levels, The atten-
uation of light due to the water path will be a func-
tion of the photocell output. The light intensity
shouwld be monitored *o detect changes in voltage

for correction of the photocell output. Fouling due
to marine organisms is a special problem here.

No ocesn: laver observing capability.

Similar insirument package to that of a buoy but
lowered on a cabie to required levels.

Same as Manned Bucy,

Not capable of measuring this parameter.

Not capahle of messuring this parameter.

Aa instrument similar to that used by s m.anned

Buoy can be towed behind the ship to a8 depth of
300 {eet.
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PARAMETER: VISIBILITY

PLATFCRM
Aircraft of Opportunity: Can determine only at flight level.
Buoy: No capability for determining it.
Horizontal Sounding Ballooa: No capability for determining it.
Manned Buoy: Can determine it only at surface.
Oceanographic Vessel: Can determine it only at surface.
Reconnaisgance Aircraft: Can determine it only at flight ievel.
Satellite: Can determine it at various levels in cloud free
regions only.
Ship of Opp. tunity: Can determine it only at surface.
A-34
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PARAME /ER: WATER CHEMICALS

This includes a yroup of parameters for which we have ill-defined statements of

requirements. Most of these parameters are nrescntly determined by taking water

samples and analyzing them in a laboratory.

PLATFORM

Aircraft of Opportunity:

Horizontal Sounding Bailoon:

Manned Buoy:

Oceanographic Veasel:

Reconnaissance Aircraft:

Satellite:

Ship of Opportunity:

No ocean layer observing capability.

Not capable o measuriag this general set of
parameters.

Ne¢ ocean layer observing capability.

Can obtain water samples at desired leveis using
Nansen bottles and ansalyze the contents on board.
Cannot meet the requirements for synchronization
in the vertical.

Same as Manned Buoy.

No capability for measuring this parameter.

No capability for measuring this parameter.

Considered cspable of taking water sampies to depth

of 100 meters,
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PARAMETER: WATER PRESSURE

PLATFORM

Aircraft «f Opportunity:

Horizontai Sounding Balloon:

Manned Buoy:

Oceanographic Vessel:

Reconnaissance Aircrait:

Satellite:

Ship of Opportunity:

No ocean igyer ohse.ving capability.

Strain gauges can be mounted on the mooring line
at the reqnired ievels.

No ocean layer observing capability.

A strain gauge or Bourdon potentiometer can be
mounted in 8 package lowerea from the buoy. Can-
not meet the requirement for synchronizaticn in the
vertical.

Same a8 Manned Buoy.

No capability for ineasuring this parameter.

No cspability for measuring this parameter.
Consgidered capable of measuring water preasure

down to 100 meters (7 IAPSO levels) using a strain
gauge pressure element.
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PARAMETER: WATER TEMPERATURE

PLATFORM

Aircrait of Opportunity:

Buoy :

Horizontal Soundin@alloon:

Manned Buoy:

Oceanographic Vesael:

Reconngissance Alrcraft:

Satellite:

Ship of Opportunity:

No oce..a layer cbserving capability.

Platinum resiatance units can be mounted on the
mooring line &t the required levels.

Mo ocean layer observing capability.

A thermistor or plstinum resistance thermometer
can be mounted in a package lowered from the buoy
to the required levels. The requirement for
vertical synchronization cannot be met.

Same as Manned Buoy.

An sxpendable bathythermograph can be dropped
from eircraft to provide water temperature read-
ings to & depth of 1000 feet {10 IAPSO levels).

Infrared measursment techniques can be used to
determine s¢a surface temperatures only. The
required accuracy cannot be met however.

An expendable bathythermograph can be used to

obtain water temperature to a depth of 2500 feet
(14 IAPSO levels).

A-37
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PARAMETERS: WIND DIRECTION AND WIND SPEED

PLATFORM

Alrcraft of Opportunity:

Buoy:

Horizontal SoundiniBalloon:

}\_d;anned Bugy:

Oceanographic Ve ssel:

Reconnaissance Aircraft:

Satellite:

Ship of Opportunity:

Can measure only at flight level by pavigational
equipment measuring ground spsed and track
accurately. Computing mechanisms can be placed
on the aircraft to combine these measuremenia with
true air speed and heading to give the wind vector.

Can measure it only at the surface with anemom-
eters and wind vanes,

Can measure only at level it is floating with track-
ing devicea - planned to floai balloons at 6 levels.

Can have capsability of launching rawinsonde and
obtain measurements at all steandard and significant
levels.

Same a3 Manned Buoy.

It can measure windg only at flight levels.

No wind measurement capability.

Can measure at li standard and significant levels
with rawinsonde launch capability.
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PARAMETER: WAVE DIRECTION

PLATFORM

Aircrafy of Opportunity:

Buoy:
arwrmenec

Horizonsal Smmdiug Belloon:

Manneq Buoy:

Oceanographic Vessel:

Reconnaiszance Alrcraft:

Swtellite:

e p—— s

Ship of Opportunity:

Not capable of moasuring this parameter.

The instrumentation will depend upon the buoy hull
shape. On a discus buoy hull the direction can be
determined from three pressure transducers
located 120° apart. The record of the pressure
variations at each of these transducers as a func-
tion of time will indicate the direction of propoga-
tion, The w- direction spectrum is also obtained
from this measurement.

Not capable of measuring this parameter.
Obtained by visual observation.
Obtained by visual observation.
Not capable of measuring this parameter.
Not capable of measuring this parameter.

Obtained by visual observation.




PARAMETER: wAVE HEIGHT

?LATFORM

Aircraft of Opportunity:

Buoy:

Horizontal Sounding Balloon:

Manned Buoy:

Oceanographic Vessel:

Reconnaissance Aircraft:

Not capable of measuring this parameter.

A gyroscopically stabilizes accelervmeter is used
to me asure only the vertical component of accel -
eration. Double integration of these acceleration
values yields & time sevies of instantansous dis-
placement values thas describe the ccean waves,
The method assumes that the platform follows the
ocean surface and cannot be appiied o platforms
such as spaxr buoys ihat have a large vertical
damping coefficient.

Not capsble of measuring this parsmeier.

Assuming this buoy to be a large spar buoy, the
mesasurement may be made by attaching a pressure
element at & depth on the hull greater than the
largest wave expected. Ancther method is by
means of a wave stal attached to the hull,

Ap arm or boom can be exiended Irom the vessel
with a resistance or capaciitance probe extending
through the surface of the water. The ship motion
must be subtracted from the reading of this sensor
by mounting a vertically stabilized accelercmeter
at the wave staff, double egrating its output and
subtracting this signal from the wave staff signal.
Another method involves mounting two vertically
stabilized accelerom~ters below the water lir- un
each side of the ship and double integrating to
represent the ship's vertical motion. The change
in water pressure on the hull is me”sureu by two
pressure sensors located at the accelerometers.
The doubly integrated signal of each accelerometer
is subtracted from the pressure sensor associated
with it to provide a measure of the 1nstantaneous
wave elevation. The error due to roll is removed
by differentially connecting the port and starboard
outputs.

Not capable of measuring this parameter.
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Sa.ellite:

Ship of Opportunity:

Not capable of measuring this parameter.

Same as oucanographic vessel except that the
acciu vy requirement cannot be met due to the

forward Lzotion of the ship.
i
i
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PARAMETER: WAVE PERIOD

PLATFORM

Aircraft of Opportunity: Not capable of measuring this parameter. .

Buoy: This parameter can be determined from the wave
height trace.

Horizontal Sounding Balloon: Not capable of measuring this parameter.

Manned Buoy: Determincd from the time series record of the
wave height measurement.

Oceanographic Vessel: Same as Manned Buoy.

Reconnaissance Aircraft: Not capable of measuring this parameter.

Satellite: Not capable of measuring this parameter.

Ship of Opportunity: Determined from time series record of wave

height measurement. A correction due to the ’
forward motion of the ship must be applied. This

motion will limit the ~apability of this platform to

meet the accuracy requirement.

A-42




APPENDIX B
PLATFORM COST INFORMATION




Costs

The costs used in the cost effectiveness evaluation of alternative mixes of plat-
form types, used to configure total marine data acquisition systems, were based
upon projections and ruaticnales for each platform type. The sources of the informa-

tion and the rationales used are summarized here for each platform type.

Aircraft of Opportunity

Transoceanic commercial aircraft were considered here to project aircraft of
opportunity capability scores. The present capability was extended to include the
measurement of dew point at flight level. 71he cost estimated for purchase and in-
stallation of a dew point sensor was $4000 and the expected lifetime was projected to
be five years. Nc other costs were cenaidered to be incurred by the marine data

acquisition system.

Buoys

The source of information for buoy costs was the Technical Development Flan
prepared by TRC as g part of the : %67 feasibility study. The procurement cost of
500 buoys (150 Deep Ocean and 350 Coastal North America) was estimated to be
$250 x 106 or about $500 K per buoy assuming a 40 foot discus-type buoy. The vearly
operating cost of the 500 bucy system was estimated to be approximately $40 x 1()6 or
$80 K per year per buoy.

Thus the unit cost per ten vears of operation would be:

8
$500 K + 10 x $80 K = $1.3 x 10

Horizontal Soundips Balloons

The source of information was a report entitled "The Feasibiiity of a Global
Observation and Anslysis Experiment’ published by the National Academy of Sciences,
National Research Council in Octobor 1965,

Several optious were possible in projecting & horizontal sounding balioon svstem.
A choice was made {for a represertative syctem to have instrumented bailoons at six
ievels in the atmosphere (500, 3¢0, 200, 100, 50 and 10 mb)., The desired coverage
was one balloon in each 500 mile square over the northern hemisphere. This requires
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a tetad of 2500 balloons cioft at any given time distributed over the six leveis. The
average lifetime proiected for these balloonus is six months at and below 100 mbd and
one year above 100 mb. To maintain the 2500 balloons aloft requires a total of

4510 Lalloons per year. The procurement costs range from $350 to $600 per bailoon,
depending on the flight level. The electronic packages on the balloons cost $800.
Fiiteen ground stations are requived in the northern hemisphere for bailoon launching
operations. The satellites are required for tracking and readout. The recultant

costie are shown below:

Ballcons {4500 per year) $ 1,500,000/yecr
Electronic packages (4500 per year) 3,600, 000/year
Ground station operation {15 stations) 6, 000, 000/year
Total  $ 11,100,000/year
Satellites (2) $ 29, 000, 00C
Ground station initial costs 150, 0G0

Tot=]l  § 29,150, 000

The ten-year unit costs considering a uxit to consist of 2500 balloons airborne

at all times is:
10 x $11,100, 000 + $29,150, 000 = $140, 150, G00.

Mapued Buoys

The unit costs for manned buoys 1s based upon a moored buoy of the Seastation
type described in & report entitled "Study of Moored Stable Pletforms in Conjunction
with Submarine Cables for Aviation Communications and Navigation Purposes in the
atlantic Ocean'’ prepared for Thke Minisiry of Aviation by Seastation Telecommmunica~
tions LTD, Greeawich ard Birkenhead, dated November 1965. This manned buoy will
house the crew of fifteen deemed necessary for operation and has adequate deck space
for observational equirment including radicsunde launch and trackiag facilities.

The initial cos’ per unit is approximateiy $6 x 106. It is assumed that 30 men
are required per unic to malntain 15 aboard at all times. Ship time for shuttling




—— - e

crews and supplies is estimated as six days per month per buoy. The unit costs are

therefore:
Inftial procurement of buoy § 5,000,000
Crew of 20 men @ $19,000/year 300, 000 /year
Ship time of 6 days per mont. @ $2500/day 180,000/year

Ten year operating costs exe:
10 ¥ $480,000 + $5,000,0060 = 39,800,000
6
"his was rounded off to $10 x 10 per 10 years,

Oceancgraphic Vessels

The eources of data were the costs of present day oceanographic vessels pro-
jecied by Alpine Geophysical Associates and U. 8, Coast Guard personnel to the 5-year
state-of-the-art operation envisioned. The 10-year costs per oceanographic vessel

were assumed to be:

Procurement cost for fully equipped

oceanographic vessel $ 12,000,000
Opsarating cost @ $900,900/year for

10 years 9,000,000

Total $ 21,000,000

The 1967 TRC feasibility stady included the assumption that two oceanographic
vessels were required per grid poini considering 8 maximum ship time at sea of
240 days per year. Part of the reasoning uzsd was the long time spent in transit to
reach the chaservstion sites, particularly when the remote areas of the South Atlantic,
South Pacific and Indian Oceans were included. In the present study we are consider-
ing only the northern hemisphere oceans with the predominantly large number of loca-
tions falling within 400 nautical milea of North America. For this reason we are
conaidering that two siles can be manned with three ships and ignoring transit time,
This assumption results in a conservatively low cost estimate for oceanographic
vessels., With this assumption the unit cost to provide continuous coverage at a loca-
tion at zea is 3/2 that of one weseel or $31,500,000.
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Reconnaissance Aircruft

The sources of data were perscnnel of the U, S, Air Force, U.S. Navy and
U. S. Coast Guard interviewed on non-buoy observing equipment durirg the 1967 TRC
feasibility study. The teu-year costs per uuit ave:

Procurement cost per aircraft $7.006, 000

Yearly operating cost $1,400,000

Ten year total unit cost:
6
$7.000,000 + 10 x $1,400,000 = $21 x 10

Two aircrait were assumed to be required to have one aircraft per day

6
operating at all times so that the unit cost used was $42 x 10

Satellites

The sources of data were government agency inierviewees during the 1967
TRC feasibility study and TRC consultants. The projected costs for polar orbiting
satellites with the projscted five-year state-of-the-art capabilities used in the cost

effectiveness evaluation were:

Initial procurement cost per satellite including launching cost
= $14,500,000

Ground station operation cost = §5,000,000 per year for up to four
satellites raquired for 100 percent coverage.

It was assumed that one replacement satellite would be required for each initisl
unit during the ten year period. Thus the ten year total cost for the four satellits sys-
tem required for 100 percent coverage is:

4x 2x $i4,500,000 + 10 x $5,000,000 = $166 x 106

Sips of Opporiunity
The source of the base cost data was the U. S, Ccast Guard, NDBS DPO. It {e

undesotnod that theas costs were taken from » 1868 interagency investigation of
potential future marine environmental data acquisition sy.tems.,

The unit cost for equipment for cne ship ~f opportunity was projected to be
$95,000. The operating cost was projected to be $186,000/yr. including two men
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per ship at $10 K per year. Assuming replacement of the equipment once during

the ten-year period resuits it a ten~year unit cost of:

2 x $95,000 + 10 x 185,000 = $2,040,000 or about $2 x 106

ier unit per 10 , cavs,

Summary

The above cost data were used in the cost effectiveness evaluation, Certain
platform -, such as satellites and horizontal scunding balloons have ground support
costs that can possibly be cost shared. Some cost sharing opticns were included in
the evaluation, The above costs were considered to be representative for each of
the platform types for purposes of the evaluation. The cost effectiveness model can
be used to evaluate the aiternztive configurations of a marine dats acquisition system

with any revised or refined cost data available in the future,




APPENDIX C

THE COMPUTATION OF PLATFORM MIX EFFECTIVENESS CONSIDERING
REDUNDANCY AND JOINT RELIABILITY EFFECTS




C-1.0 Introduciion

The purpe.. of this appendix is to describe in detail two methods available for
computing the total efiectiveness of a mix of observing platforms throughout a pre-
scribed geographical volume, The methods differ in the manner in which they treat
redundancy ariong platforms,

When two or more cbserving platforms occupy the same geographical area, the
possibility of redundani measurement of parameters exists. Redundancy is detected
by comparing the observing capability of each of the platforms with one another, param-
eter by parameter and level by level.

The computation of the effectivencss of a mix of platforms must account for the
redundancy of measurement that may exist among the piatforms. In the method used
for the cost-effectiveness analysis, effectiveness {8 computed utilizing only the non-
redundant platformn capabilities. In another method, the increased system reliability
due to redundancy ‘s incorporated into the effectiveness computations. The former
method may be considered as a first order approximation to effectiveness and ti.»
latter, a second order approximation. Both meihods are discussed herein.

In the cost-effectiveness model described in the main body of this report, the
atmosphere-ocean domain has been divided into 7 layers. Tbe layers are defined in
Table 2-1. There were no stated operational requirements for Layer 7 in the Deep
Ocean or Coastal North America requirement sets; hence, the cost-effectiveness anal-
ysio considered only the first 6 layers. For the purpose of this appendix, the number
of layers is immaterial. A platform-mix effectiveness value 18 computed for each
layer. The verticai dimension is then eliminated by computing a vertically averaged
effectiveness for the mix. The layers may be weighted in the averaging process.

Two sets of composite, user requirements have been defined, one for the Deep
Ocean area and another for the Coastal North America area. The details of these sets
of requirements are given in Section 2.2. As far as the method for computing effec-
tiveness is concerned, the details and number of requirement sets are unimportant.

Quite often & given mix of platforms will form a set of submixes when applied to
a specific srea; e.g., the Deep Ocean area. In one part of the Deep Ocean area, there
will occur ope combination of the platforma, in another, a different combination. This
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formation of submixes is due to the different areal coverage characteristics and
mobility of the platferms.

In each submix it is necessary to assess the redundancy separately, to determine
the fraction of the total area the submix occupies, and to compute a vertically averaged
effectiveness.

The tsotai platform mix effectiveness is expressed as an areally-weighted average

of all t’ = submix vertical average effectiveness values.

C-2.0 First Order Approximation to Effectiveness ¢f a Kedundant Platform Mix

We define the total effectivens:ss of a platform mix in a geographical volume

to be
I
E- 3 E A (€-1
i-1 !

where I is the number of platform submixes and

L
Z b E
1 n in
L= Cc-2
Y b
n=1 n
is the vertically averaged effectiveness of Submix i with areal fracticn Ai' The
welght for Layer n ia bn frr each of the L layers.
The layer effectiveness of Submix { comprising P platforms is given by
p C inm
Ein ~ z ¢ Bnm %mn €-39
m=1 n max
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where m denotes a specific platform; Ry ‘ke platform reliability, S the platform
survivability; Cipn,, the non-redundant capability of platform m; and Cp 4, the
total possible capability in Layer n.

To compute the total effectiveness of a platform mix, the components and areal
coverage of each submix it forms in the region of interest must be defined. These
factors depend upon the number of each platform type in the mix, the areal coverage
capability of each platform type, and the platform trajectories, if they move. The
areal coverage capability of platforms has already been discussed in Section 2.4.1.4
of the main report. For some platforms, primarily the ones that do not move. there
is a linear relationship between number of platforms and areal coverage because the
platforms are never collucated. Satellites and 1econnaissance aircraft also fall in this
category. Ships of opportunity and aircraft of opportunity tend to follow fixed routes,
which limits the areal coverage attainable by these platforms regardiess of their
number. A non-linear relationship between areal coverage and number of platforms
must be defined for them bezause redundancy increases with the number of platforms.
To simplify working with balloons, a system was defined that is assumed to give 1007
areal coverage in the Deeyp Ocoan area,

The platforms comprising a submix are determined by knowing where the piat-
forms are or probably sre. Buoys, manned buoys, and ocean vessels are stationary
and their locations m v be completely controlled, No combination of these platforms
would ever logically be collocated because of their high mutual redundancy.

Horizontal sounding balloons, ships of opportunity, reconnaissance aircraft,
satellites, and aircraft of opportunity all move. Of these, there i8 maximum control
over reconnaissance aircraft, marginal control over balloons and sarellites, and no
control over ships of opportunity and aircraft of opportunity. In the mixes considered
to date, the balloon system and the satellite system have each been designed to provide
100% coverage in the Deep Ocean area, hence, when they are mixed with some other
platform in this area, they will always comprise a submix with that platform. The
reconnaissance aircraft is usually flown to obtain atmospheric data in remote regions.
We therefore exclude them in submixes with ships of opportunity, aircraft of oppor-
tunity, manned buoys, and ocean vessels, but not with satellites, balloons, or large

buoy systems.




With the submixes defined, the next step toward computing the total effeciiveness
of a mix is to compute the layer effectiveness for all layers within a submix. Equa-
tion (C-3) indicates it is necessary to know the ..on-redundant platform capabilities.
These are determined with the aid of Tables C-~1 and C-2 which give the basic platform
capabilities by layer and parameter for the Deep Ocean area and the Coastal North
America area, respectively,

Assumiry e are working in the Deep Ocean area, we mark the platfor s in our
submix on Table C-1. We select the platform with the highest reliability (reliability is
indicated on the figure for each platform) a..d sum that platform's capability scores in

Layer 1. This sum is the quantity C,_ .. The platform with the next highest reliability

it1
is designated zs Platforme 2 (n = 2). The capablility scores for Platform 1 are sub-
tracted from those for Platform 2, parameter by parameter. The remainder, neglect-

ing negative values, is summed over parameters to produce Ci the part of Platform

12’
2 capability that is independent of Platform 1. If a third platform exists, the Platform
1 parameter scores are added to the Platform 2 remainder scores and the combined
scores subtracted from the Platform 3 parameter scores. The new remainder summed

over parameters is C New @ mainders are computed in this manner for the P plat-

forms in the submix. uh:: this study, the survivability for all platforms has been

assumed equal to unity. The maximum possible layer capability scores Cn max are

given in the figures. For example, in the Deep Ocean area, the maximum capability

for Layer 1 is C1 max = 171. Applylng Equation (C-3), we may now compute Eﬂ.
The process described above is repeated for each of the six layers. The

vertically averaged effectiveness oi the submix is computed with Eqn. (C-2), using the

six layer effectiveness values Ej;, and the layer weights by. The layer weights used in
the main report are by =bg = 0.6, by =bg =bg =bg = 1.

A vertically averaged effectiveness is computed for all submixes of the original
platform mix, each effectiveness s multiplied by its submix areal coverage, and the
results are s:mmed (Eq. C-1} to get the total system effectiveness E.

Let us now consider a simple example to {llustrate the computation of effective-
ness of a redundant platform mix. Assume we have in the Deep Ocean area 100%
coverage with buoys, 100% coverage with satellites, and 3% coverage with aircraft of
opportunity. With this mix, we have two distinct submixes. In the first we have buoys
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#

and satellites covering 97, of thw area, and in the second, we have bhuovs, satellites, i
kS

and aircraft of opportunityv covering 3'7 of the area. ’
The non-redundart ' ayer ! parameter capabilities for Submix 1 wre shown in '

Ee

Table C-3. They were obtained from Table C-1 in the foliowing manner. Of the two E
platforms in Submix I, buoys have t'e higher reliability; hence, buoys arc assigned

m - 1 and satellites. in -~ .. Inthe column marked Layer ! in Table C-1, buovs are
seen to have capabiiity only for Parameter 10. This capability, which has a value of
10, is entered in Culumn 10 in Table C-3 for buoys. We now subtract the buoyv capa-
bility from the satel'ite capability in Table C-1. This eliminates the satellite capa-

bility of 10 for Parameter 10. The remaining satetiite capabilities are entered in the

corresponding locations in Table C-3. The buoy effectiveness in Layer 1 for submix

1l is then given by
“in 10 . _
Rl 51 T‘T x 0,30 x I - 0,05 7|
1 max o :
The corresponding satelilt ¢l -tiveness is
-
C
11 71 - ,
Hr) S‘) -i-':“ X .75 x 1 0,31
1 max - '

The effectiveness of Submix 1 in Layer 1 by Equation (C-3) is

B, - 0.05 - 0.31 1. 36.
This value i8 entered in Table C-5 in the column for Layer 1 and the row for Submix 1. %\
Corresponding Submix 1 effectiveness values for the other layers were computed in 2 ,f

)
R
oy
o
.

similar manner and entered in Table C-5. By applving Equation (C-2) with the weigh's
by = bg = 0.8, by, =bg = by = bg = 1.0, we compute the vertically averaged efiectiveness
of Submix 1 to be El = 0.53. This value is entered in Table C-5 in the column marked
E;.
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TABLE C-3
NON-REDUNDANT PLATFORM CAPABILITIES IN LAYER ! FOR SUBMIX i -

OF THE ILLUSTRATIVE BUOY, SATELLITE, AND A{RCEATT OF
OPPORTUNITY MIX IN THE DEEP {X’EAN AREA

Submix 1 Layer 1 Parameter Capabilities 1 )
3 H
T putiorms | o | s,I PR T B R B B
i § Buoys - i 1{:‘ 5. 80
2 | Satellwes |18 19 23 | 10 L 0.%5
,X

The non-redundant Layer 1 parameter capabilities for Submix 2 are shows fp
Table C~4. In this submix, aircraft of coportunity have the i\ighesz relighility, bucys,
the second highest, and satelliteg, the smallest. The capabilities for alreraft of op-
portunity in Tabie C-4 were taken directly from Table C-1. The second piatform,
buoys, contiribute nothing rew in this layer so the aircraft of opportunity capabilities
are subtracted frosws the satellitc capabilities. The resulting non-redundart zatellite )
parameter capzhilities are 19 for Parameters 1 and 5, aund 23 for Parameter 7. These
values are entered in the satellite row in Table C-4. The sircraft of spportunity

effective=ess in Layer 1 for Submix 2 is given by

C
211 75 a . — o 4n
6—-’“*—-— RI Sl = m X 6.9 x 1.0 = (.42
1 max

The corresponding buoy effectiveness is

™ _
212 o
T = e i {] . 3 o
3 R, S, 71 X ¢-80 x 1.¢ ¢
L Max
For satellites we get
C
213 o e 43 -
e £ = e 7o x .06 = 6.19
~ RS 3 171 x 0.7 x
max
C-10
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The effectiveness of Submix 2 ir. Layer ! by Eq. (C-3) 18

E£1“042+0+019 G.61.

This value i3 entered i Table C-5 in the coclumn for Layer 1 and the row for Submix 2.
Corresponding Submix 2 effectiveness values for the other layers were computed in a
siinrilar manner aud ewtered in Table C-5. The vertically averaged effectiveness of
Subrnix 2, using ihese valves and Eq. {C~2) iz computec o be E, = 0.57. Thia value is

eptered in Tabiz C-$ i the coivmd marked E;.

TABLE C-4
NON-RELOFDANT TFORM CAPARILITIES [f LAYER 1 FOR SUBMIX 2

OF THE ILLU“T‘"“\A’I IVE 8UOY, SATELLITE, AND AIRCRAFT OF
OPFORTUNITY MIX IN THE DEEP OCEAN AREA

i } 5
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. — r—— $em 4
Z | Puoye 0.80
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I o 3

TABLE C-5
NON-REDUNDANT LAYER EFFECTIVENESS, VERTICALLY AVERAGED
EFFYCTIVENESES, AND ARDEAL COVERAGE FOR SURMIZES 1 AND 2
OF THE ILLUSTRATIVE BUOY, SATELLITE, AND AIRCRAFT OF
QPPORTUNITY MIX IN THE DEEP QCEAN AREA

I

! Submix
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The total effectiveness of the original platform mix over the entire Deep Ocean

area is, by Eq. C-1,

E = ElAl + E2A2 = 0.53 x 0.87 + 0.57 x 0.03 = 0.53,

C-3.0 Second Order Approximation to Effectiveneas of a Redundant Platform Mix

Redundancy implies an increase in platform-mix effectiveness because the re-
liability of the mix is increased for those parameters that are redundantly measured.
The method for computing this increase, which is ordinarily a second order effect, is
diacugsed below.

To determine the effect of redundancy on mix effectiveness, we must examine the
parameter cgpabilities of each of the platforms in a submix and compute modified re-

liabilities for the redundantly measured portions of each parameter, depending upon

the combination of platforms involved. The basic data to do this for the Deep Ocean
area is found in Table C-1, and for the Coastal North America, in Table C-2.

To compute the modified reliav.lities, we may consider reliability as the prob- .
ability that a platform will perform its function, From basic probability theory, where '
two piatforms are redundant, the probability that a parameter will be measured by one s
platform or in the event of failure of that platform, by a second piatform is given by
Ry =Ry + KR, where R; denotes (1 - Ry). Where three platforms are redundant,
Ri23 = R; + R1Rp + RjRgRg . Where N platforms are redundant, the reliability is

N-1 E
= = R R R ... T R . - g
Rk R12'“ N R1 + Rle + R1R2R3 + o Ri RN (C-4) ¥
The layer effectiveness of a submix is now given by
K Q
Z 2: Cinpk Rk
-zl p=1 (C-5)
“in c ’
n max
C-~12

T — AN




where Ry the reliability of a given combination of platforms is given by Eq. (C-4), p
iy the parameter number for the Q parameters in layer n, and Cinpk is the capability
pro-ided by platform combination k. Total effectiveness is computed from Eq. (C-1).
(C-2), and (C-~5).

To illustirate this method, let us choose the sarre mix used in the previous sec-
tic~. Agzain we have two submixes, one with buoys and satellites comprising 97% of
th Deep Ocean area, and other with buoys, satelliteg, and aircraft of opportunity com-
urising 3% of the area.

‘The Submix 1 parameter capabilities for Layer 1, separated according to the
various platform combinations possible between buoys and satellites, are shown in
Table C~6. These values were extracted from Table C-1. Satellites alone provide
all the capability except for Parameter 10 which is measured equally well by satellites
and buoys. The reliability of the buoy-satellite combinatio. is R3 = 0.80 + 0.20 x
0.75 = 0.95.

According to Eq. (C-5), tne effectiveness of Submix 1 in "ayer 1 is

0 x0.80 + 71 x 0.75 + 10 x 0.95 _
El_l = 171 - 0037-

‘This value is entered in Table C-8 ior Layer 1, Submix 1. In a similar manner, the
layer effectiveness was computed for the other layers and the values entered in Table
C-8. The vertically averaged effectiveness of Submix 1, computed by means of Eq.
(C-2) with the previously used layer weights, is8 0. 54. This value is ~ntered in Table
C-8 in the E; column. Note this is only 0.01 larger than the corresponding value in
Table C~5 which gives results for the method using only non-redundant capabilities.

The Submix 2 paramster capabilities for Layer 1, separated according to the
seven platform combinations possible among buoy: ., and aircraft of oppor-
tunity, are shown in Tabie C-7. These values were extracied from Table C-1. Buoys
alone make no independent contribution to the submix capability. Satellites make inde-
pende.t coniributions through Parameters 1, 5, and 7. Aircraft of opportunity make
{ndependent contributions through Parameters 2, 3, 4, and 9. Satellites and aircraft
of opportunity share a common capability of 9 for Parameters 1 and 5, and 10 for
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TABLE C-6
PLATFORM COMBINATION CAPABILITIES AND MODIFIED RE LIABILITIES IN
LAYER 1 FOR SUBMIX 1 OF THE ILLUSTRATIVE BUOY, SATELLITE, AND
AIRCRAFT OF OPPORTUNITY MIX IN THE DEEP OCEAN AREA

Submi: 1 Layer 1 Parameter Capabilities

Platform Rk
Combinations | 1 314 5 6 7 8 9 110
Buoys 0. 80
Satellites 19 19 23 10 0.75
[Buoys and 10 0.80 +0.20 x
Satellites 0.75=0.95

TABLE C-7

PLATFORM COMBINATION CAPARILITIES AND MODIFIED RELIABILITIES IN

LAYER 1 FOR SUBMIX 2 OF THE ILLUSTRATIVE BUOY, SATELLITE, AND
AIRCRAFT OF OPPORTUMIY MIX IN THE DEEP OCEAN AREA

I L

Submix 2 Layer 1 Parameter Capabilities

Platio. m v Ry
Combinations | 1 3 |4 5 6 7 8 910
Buoys 0.80
Satellites 10 10 23 0.75
Acft of 919 10 0.95
Oppor
Buoys and 0.80 + 0.20 x
Satellites 0.75 = 0.95
Buoys and 0.80+ 0.20 x
Acft of 0.75 = 0.99
Oppor
Satellites 9 9 10 0.75+0.25 x
and Acft of 0.95 = G.99
Oppor
Buoys, 0.80 +0.20
Satellites 0.75 + 0.20 x
and Acft 0.256x0.65 =
of Oppor 1.00
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TABLL C-§

LAYER EFFECTIVENESS, VERTICALLY AVERAGED EFFECTIVENESS, AND
AREAL COVERAGE, INCCRPORATING REDUNDANCY MODIFIED
RELIABILITIES, FOR SUBMIXES 1 AND 2 OF THE ILLUSTRATIVE
BUOY, SATELLITE, AND AIRCRAFT OF OPPORTUNITY MIX IN

THE DEEP OCEAN AREA

Ein
Submix Eq Aq
1 2 3 4 5 6
e
1 0.371 0.26 lo.67 | 0.64 | 0.64 | 0.63 | 0.54 | 0.97
2 0.61] 0.34 {0.67 | 0.64 | 0.64 | 0.63 | 0.58 | 0.03
—

Parameter 8. The three platiorms all measure Parameter 10 with a capability of 10.
Reliabilities for the various platform combinations were comnuted according to Eq.
(C-4) and entered in Tzble C-7 in the & columa.

The effectiveness of Submix 2 in Layer 1, according to Eq. C-5, is

0x0.80+43x0.75+37x0.95+0x0.95+ 0x0.99 + 28x0.99+ 10x L. 00
Ea1 = T =0.61

This value is entered in Table C-8 for Layer 1, Submix 2. In a2 similar manner,
the layer effectiveness was computed for the other layers and the values entered in
Table C-8, The vertically averaged effectiveness of Submix 2, computed with Eq.
(C-2) and the standard weights, i80.58. This value ig entered in Table C-8 in the E;
column.

The total effectiveness of the mix, from Eq (C-1) and the data in Table C-8, is

E=EA +EA, = 0.54 x 0.97 +0.58 x 0.03 = 0.54.
This value is only 0.0l larger that. the previously computed total effectiveness

using the non-redundant capability methcd of the previous section. Because the differ-

ences tend to be small, the non-redundant method, which is easier to apply with manuai

computation methods, was used for the cost-effectiveness studies described in the

main report. *

mnﬂ work done for this report (Section 4) was computer;-ed, therefore, all

future cost effectiveness work will incorporate redundancy-modified reliabilities,
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AFPPENDIX D

COMPARISON OF COST Er FECTIVENESS RATIOS USING AGENCY -
PROVIDED PARAMETER AND LAYER WEIGHTS
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